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^ (57) Abstract: An OFDM wireless communications system includes terrestrial and satellite based base stations. Mobile nodes 
I gi support two uplink modes ol operation, multi-tone mode lor terrestrial station interaction and single tone mode lor satellite base 
^ station interaction. In single tone mode the peak to average power ratio is lower than in the multi-tone mode allowing the same 

power amplifier to transmit higher average power signals and thus extend range and reach a satellite in geostationary orbit. In 
^ multi-tone mode, the mobile node: is temporarily assigned a multi-tone uplink traffic channel segment for user data, is assigned 
Q a dedicated control channel for uplink control signals, and supports slaved Ack/Nak for traffic channels. In single tone mode, the 

mobile node: is assigned a single logical uplink dedicated tone to use for transmitting both user data and control data, and does not 

use a slaved Ack/Nak mechanism for traffic channels. 
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HYBRID SATELLITE AND TERRESTRIAL OFDM COMMUNICATION 
METHOD AND APPARATUS 

FIELD OF THE INVENTION 

[0001] The present application is directed to methods and apparatus which can be used 
in implementing an OFDM system which uses OFDM tones for communicating uplink signals to 
terrestrial and/or satellite base stations. 

BACKGROUND 

[0002] The ability to communicate using a handheld communications device, e.g., a 
portable telephone, regardless of one's location in a wide area is of great value. The value of 
such a device is important to military applications as well as in the case of conventional 
consumer based applications. 

[0003] Terrestrial base stations have been installed at various earth based locations to 
support voice and/or data services. Such base stations normally have a coverage area of a few 
miles at most. Accordingly, the distance between a conventional cell phone and abase station 
during use is normally only a few miles. Given the relatively small distance between a cell 
phone and a terrestrial base station during normal use, a hand held cell phone normally has 
sufficient power to transmit to the base station, e.g., on an uplink, using bandwidth that is 
relatively wide and, in many cases, capable of supporting relatively high data rates. 

[0004] In the case of one known system based on the use of terrestrial base stations, a 
plurality of OFDM tones, e.g., in some cases 7 or more tones, are used in parallel by a wireless 
terminal to transmit user data to the base stations. In the known system, user data to be 
communicated via an uplink and control signals to be communicated via an uplink are normally 
coded separately. In the known system, a wireless terminal maybe assigned a dedicated tone for 
uplink control signaling with uplink traffic segments which correspond to tones being assigned in 
response to one or more uplink requests transmitted to the terrestrial base station. In the known 
system uplink traffic channel segment assignment information is broadcast to the wireless 
terminals which monitor assignment signals that may indicate assignment of uplink traffic 
channel segments in response to a transmitted request. On a recurring basis, the base station of 
the known system also broadcasts signals which can be used for timing synchronization with the 
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> CflBW^M^ziiiSilipils, referred to as beacon signals, recurring over a time period 
sometimes referred to as a beacon slot. 



[0005] While terrestrial base stations are useful in areas where the population is 
sufficient to justify the cost of a terrestrial base station, in many locations on the planet there is 
insufficient commercial justification to deploy abase station and/or due to geographic issues it is 
impractical to deploy a permanent terrestrial base station. For example, in physically 
inhospitable areas such as the open ocean, dessert regions and/or regions which are covered by 
ice sheets it may be difficult or impractical to deploy and maintain a terrestrial base station. 

[0006] The lack of base stations in some geographic regions leads to "dead zones" in 
which is not possible to communicate using a cell phone. In order to try and eliminate the 
number of areas where cell phone coverage is missing, companies are likely to continue to 
deploy new base stations but, for the reasons discussed above, for the foreseeable future there are 
likely to remain large areas of the planet where cell phone coverage from terrestrial base stations 
can not be obtained. 

[0007] An alternative to terrestrial base stations is to use satellites as base stations. 
Satellite base stations are extremely costly to deploy given the cost of launching satellites. In 
addition, there is limited space above the planet in which geostationary satellites can be placed. 
While satellites in geostationary orbit have the advantage of being in a fixed position relative to 
the earth, lower earth orbiting satellites can also be deployed but such satellites remain costly to 
deploy and will remain in orbit for a shorter period of time due to their initially lower orbit than a 
geostationary satellite. The distance from the surface of the earth where a mobile phone may be 
located and geostationary orbit is considerable, e.g., approximately 22,226 miles although some 
estimates suggest that 22,300 miles is a better estimate. To put this in perspective, the diameter 
of the Earth is approximately 7,926 miles. Unfortunately, the distances which signals must travel 
in the case of satellite base stations is considerable longer than the distance signals normally 
travel to reach a conventional terrestrial base station which is usually a few miles at most. 

[0008] As can be appreciated, given the distance to geostationary orbit, it is often 
necessary to transmit signals to satellites at higher power level than is required to transmit signals 
to terrestrial base stations. As a result, most satellite phones normally are relatively large and 
bulky compared to conventional cell phones due to the size of the batteries, power amplifiers and 
-2- 
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p. CoSherWEdllfi'wliiiSa's bill used to implement cell phones. The need for a relatively large, 

and therefore often bulky, power amplifier results, in part, from the fact that many conventional 
- communications systems have a less than ideal peak to average power ratio. As is widely 
known, for a given signal, the peak to average power ratio is the ratio of the peak power over a 
time interval and the average power of the signal over the same time interval. The relatively 
large peak to average power ratio requires that a larger amplifier be included to support peak 
power output than could be used in the case of the same average power output, but where the 
peak to average power ratio is lower. 

[0009] Given that terrestrial base station coverage is likely to remain limited in terms of 
geographic area which is covered for the foreseeable future, it would be desirable if methods and 
systems could be developed to provide the area coverage benefits of satellite base stations 
without requiring large bulky phones and/or the need for the system to be implemented 
completely as a satellite system. In particular, it would be desirable if methods and apparatus 
could be developed which would allow for communications devices, such as mobile phones, to 
be the same or approximately the same size as convention communications devices which are 
designed to operate solely with terrestrial base stations but which could operate with a satellite 
base station when terrestrial base station coverage is not available. 

SUMMARY OF THE PRESENT INVENTION 

[0010] The present invention is directed to communications methods and apparatus 
which are suitable for use in a communications system including both relatively near base 
stations and remote base stations. 

[0011] For geo-stationary satellites with a beam covering a large geographical area there 
may be a significant difference in the round trip time between the center of the beam and the 
edge. To resolve this RTT ambiguity a ranging scheme capable of resolving delta-RTT of 
several milliseconds may be desirable. 

[0012] Such a scheme can use the existing access interval in OFDM with additional time 
varying coding on the access tone set to indicate which forward link super slot the revere-link 
transmission is associated with. This coding can resolve ambiguity to the super slot level. The 
terminal may need to try repeated access attempts at varying time offsets to cover the sub- 
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W4IEM(M5L4 H^'Mguity. For a hybrid terrestrial-satellite network the terminal can use 
information about the position of the last terrestrial base station detected to form an initial RTT 
estimate and compress the ambiguity to within the range supported by the normal access 
protocol. 

[0013] In some embodiments, the system of the present invention is implemented as a 
hybrid system where both satellite and terrestrial base stations are used in combination and where 
mobiles can establish communications links with either type of base station. To do this two 
different modes of timing synchronization are supported in a WT. In one mode used for remote 
base stations, e.g., satellite base stations, multiple access probe signals are sent with different 
coding and/or timing offsets with respect to signals received from the base station, e.g., beacon 
signals or other high power signals which can be used for timing synchronization purposes. The 
remote base station accepts and decodes probe signals received within an access interval that 
occurs on a recurring basis and responds assuming it is able to receive and decode the probe 
signal. The response may include a base station assigned wireless terminal identifier and timing 
synchronization information, e.g., a timing correction value. The response may also indicate 
which particular probe is being responded to. The WT monitors for response to probes and bases 
timing correction operations on the received response. 

[0014] While not necessary to the timing features of the invention, the timing methods 
and apparatus can be used with single tone modes of operation where a single tone is used for 
uplink signaling to remote base stations. 

[0015] hi various embodiments a remote base station is a base station which has a 
minimum distance from a wireless terminal during use which is measured in terms of tens, 
hundreds or even thousands of miles. A geostationary satellite base station is one example of a 
remote base station. Geostationary satellite base stations are positioned thousands of miles above 
the earth's surface in which case the minimum distance to a communications device on the earth's 
surface or even in a commercial airplane is measured in thousands of miles. This is in contrast to 
a near base station which might be a terrestrial base station located within, e.g., up to 50 miles of 
a wireless terminal during normal use but more typically up to 5 miles. 

[0016] While the methods and apparatus of the present invention, including the cell 
phones of the present invention are well suited for use in communications systems which have 



WO 2006/138196 PCT/US2006/022702 

'"'j5QthS,lfelfMH ffli^elll^ase stations, the methods and apparatus of the present invention are 
well suited for a wide range of communications applications where a large difference in the 
amount of output power for a fixed amount of bandwidth is required. In the satellite example, it 
should be appreciated that a far greater amount of output power for a fixed amount of bandwidth 
is normally required for successful uplink signaling to the satellite base station than is required 
for successful uplink signaling using the same amount of transmission bandwidth to a terrestrial 
base station. 

[0017] Various features of the present invention are directed to methods and apparatus 
which can be used to implement portable communications devices capable of communicating 
with both remote and comparatively near base stations, e.g., satellite base stations and terrestrial 
base stations. A system implemented in accordance with the invention may include a plurality of 
near and remote base stations. In one such system, terrestrial base stations are used to provide 
communications coverage with sufficient communications traffic to justify the deployment of a 
terrestrial base station. Satellite base stations are used to provide fill in coverage in regions 
where terrestrial base stations are not deployed, e.g., due to the nature of the physical 
environment, the lack of a site for a base station or for other reasons. Portable communications 
devices in the exemplary system are capable of communicating with both the terrestrial and 
satellite base stations, e.g., by switching between different modes of operation. 

[0018] As will be discussed below, in various embodiments, the system is implemented 
as an OFDM system. In some embodiments, OFDM signaling is used for uplink as well as 
downlink signaling. First and second modes of OFDM uplink operation are supported. 

[0019] During normal operation with terrestrial base stations, the wireless terminal uses 
multiple tones in parallel in the uplink to transmit user data on multiple tones to a base station 
simultaneously. This allows relatively high data rates to be supported. When operating in multi- 
tone mode, the average peak to average power ratio, during portions of time in which user data is 
transmitted on multiple tones, is a first ratio. As will be discussed below, when operating in a 
single tone mode of operation, e.g., used for communicating with a satellite base station, a 
second, lower peak to average power ratio is achieved. Thus, when operating in the single tone 
mode, the power amplifier can be used in a more efficient manner. In various embodiments, the 
difference is 4 or more db, and commonly 6 db, in the peak to average power ratio between the 
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^^^SB°.^ € ^feB e, ^te 11 mi ^ e smg ^ e tone mode of operation which is achieved for a 
period of several symbol times. 



[0020] Single-tone-mode is a method of operating an OFDM wireless terminal to 
maximize its coverage range under typical transmission power budget constraints encountered 
when communicating with terrestrial base stations so that satellite communications can be 
supported while staying within the typical terrestrial transmission power budget constraints. This 
mode is well suited for low rate data of voice links in which multi-tone uplink channels and 
ACKs may not be, and in some embodiments are not, supported. In single tone mode the 
terminal will transmit on an OFDM single tone at a time. This tone is represented as a single, 
constant logical tone; however, it can, and in various embodiments does, hop from physical tone 
to physical tone on dwell boundaries as consistent with other OFDM channels used in some 
systems. In one embodiment, this logical tone replaces a UL-DCCH channel used to 
communicate with a terrestrial base station thus maintaining compatibility with other OFDM 
users operating in standard multi-tone mode. 

[0021] The contents of the single tone uplink channel used by a wireless terminal 
include, in some embodiments, a multiplex of control data and user data. This multiplex may be 
at the field level within a code word, i.e., some bits from a channel coding block are used to 
represent control data the remainder represent user data. However in other embodiments the 
multiplexing in the single tone uplink channel is at the code word level, e.g., control data is 
coded within a channel coding block, user data is coded within a channel coding block, and the 
blocks are multiplexed together for transmission in the single tone uplink channel. In one 
embodiment, when the single tone channel is not fully occupied with user data (e.g., during 
silence suppression of a voice call) it is possible to blank the transmitter during the un-need 
transmit symbols thereby conserving transmitter power since no signals need be sent during this 
period. User data may be multiplexed packet data or regularly scheduled voice data, or a mix of 
the two. 

[0022] For a terminal operating in single-tone mode, downlink acknowledgement signals 
can not be transmitted in a separate channel as is done in the multi-tone mode and thus downlink 
acknowledgements are either multiplexed into the logical single tone uplink channel tone, or 
ACKs are not used. In such a case, the base station may assume that downlink traffic channel 
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[;:; sfgmfeiSIMij b'eeliWSfeffilly received with the wireless terminal expressly requesting 
retransmission if needed. 



[0023] In accordance with the invention, a wireless terminal operating in single tone 
mode can achieve a benefit in transmitted power while using standard OFDM components to 
implement the transmitter. In standard mode, the average power transmitted is normally limited 
below the peak power capacity of the transmitter's power amp to allow for peak-to-average ratio 
(PAR), typically 9dB, and avoid peak clipping which can cause excessive out-of-band emission. 
In single tone mode, in various embodiments, the PAR is limited to approximately 3dB thus the 
average transmit power can be increased by almost 6dB without increasing the probability of 
clipping. 

[0024] At frequency hops (changes in the physical tone corresponding to the single 
logical tone which occur at dwell boundaries), the phase of the transmitted waveform can be 
controlled so as to be phase continuous across frequencies. This can, and is accomplished in 
some but not necessarily all embodiments by changing the carrier frequency of the tone during 
the cyclic extension of the OFDM symbol from one symbol transmitted in the uplink to the next 
so that the signal phase at the end of the symbol is at a desired value equal to the starting phase 
of the subsequent symbol. This phase continuous operation will allow the PAR of the signal to 
be bounded at 3dB. 

[0025] OFDM over geo-stationary satellite is possible with a few modifications of the 
basic existing basic OFDM communications protocols. Due to the extremely long round-trip 
time (RTT) there is little or no value of slaved acknowledgments for traffic channels. Thus, in 
some embodiments of the invention, when operating in single tone uplink mode, downlink 
acknowledgments are not sent. In some such embodiments, downlink acknowledgements are 
replaced with a repeat request mechanism in which a request is transmitted in the UL for a repeat 
transmission of the data which was not received successfully. 

[0026] Numerous features, benefits and embodiments of the present invention are 
discussed in the detailed description which follows. 
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[0027] Figure 1 is a drawing of an exemplary wireless communications system 
implemented in accordance with the present invention and using methods of the present 
invention, 

[0028] Figure 2 is a drawing of an exemplary base station, e.g., a terrestrial based base 
station, implemented in accordance with the present invention and using methods of the present 
invention. 

[0029] Figure 2A is a drawing of an exemplary base station, e.g., a satellite based base 
station, implemented in accordance with the present invention and using methods of the present 
invention. 

[0030] Figure 3 is a drawing of an exemplary wireless terminal, e.g., mobile node, 
implemented in accordance in the present invention and using methods of the present invention. 

[0031] Figure 4 is a drawing illustrating exemplary uplink information bit encoding for 
an exemplary WT, e.g., MN, operating in a single-tone uplink mode of operation, in accordance 
with various embodiments of the present invention. 

[0032] Figure 5 is a drawing illustrating an exemplary OFDM wireless multiple access 
communications system including a hybrid of base stations that are both terrestrial based and 
space based, in accordance with various embodiments of the present invention. 

[0033] Figure 6 is a drawing showing exemplary backhaul interconnectivity between the 
various satellite based and terrestrial based base stations of Figure 5. 

[0034] Figure 7 is a flowchart of an exemplary method of operating a wireless terminal, 
e.g., mobile node, in accordance with the present invention. 

[0035] Figure 8 is a drawing of an exemplary wireless terminal, e.g., mobile node, 
implemented in accordance with the present invention and using methods of the present 
invention. 

-8- 



WO 2006/138196 



PCT/US2006/022702 



[0036] Figure 9 is drawing of an exemplary OFDM wireless communications system 
implemented in accordance with the present invention and using methods of the present 
invention. 

[0037] Figure 1 0 is a flowchart of an exemplary method of operating a wireless terminal, 
e.g., mobile node, in accordance with the present invention. 

[0038] Figure 1 1 comprising the combination of Figure 1 1 A and Figure 1 IB is a 
flowchart of an exemplary method of operating a wireless terminal in accordance with the 
present invention. 

DETAILED DESCRIPTION 

[0039] Figure 1 is a drawing of an exemplary wireless communications system 100 
implemented in accordance with the present invention and using methods of the present 
invention. The exemplary system 100 is an exemplary Orthogonal Frequency Division 
Multiplexing (OFDM) multiple access spread spectrum wireless communications system. The 
exemplary system 100 includes a plurality of base stations (102, 104) and a plurality of wireless 
terminals (106, 108), e.g., mobile nodes. The various base stations (102, 104) maybe coupled 
together via a backhaul network. The mobile nodes (MN1 106, MN N 108) may move 
throughout the system and use a base station, in whose coverage area it is currently located, as it 
point of network attachment. Some of the base stations are terrestrial based base stations, e.g., 
BS 102, and some of the base stations are satellite based base stations, e.g., BS 104. From the 
perspective of the MNs (106, 108), the terrestrial base stations are considered nearby base 
stations (102) while the satellite based base stations are considered remote base stations (104). 
The MNs (106, 108) include the capability to operate in two different modes of operation, e.g., 
an uplink multi-tone mode of operation tailored to the power and timing considerations of 
communicating with a nearby, e.g., terrestrial, base station 102 and an uplink single tone mode of 
operation tailored to the power and timing considerations of communicating with a remote, e.g., 
satellite, base station 104. At some times, MN1 106 maybe coupled to the satellite BS 104 via 
wireless link 1 14 and may be operating in an uplink single tone mode of operation. At other 
times, MN1 106 maybe coupled to the terrestrial base station 102 via wireless link 1 10 and may 
be operating in a more conventional multi-tone uplink mode of operation. Similarly, at some 
-9- 
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^imes'JWliffi 1 &8 mly b/coupled to the satellite BS 104 via wireless link 116 and may be 
operating in an uplink single tone mode of operation. At other times, MNN 108 may be coupled 
to the terrestrial base station 1 02 via wireless link 1 1 2 and may be operating in a more 
conventional multi-tone uplink mode of operation. 

[0040] Other MNs may exist in the system that support communications with one type of 
base station, e.g., a terrestrial base station 102, but do not support communications with the other 
type of base station, e.g., the satellite base station 104. 

[0041] Figure 2 is a drawing of an exemplary base station 200, e.g., a terrestrial based 
base station, implemented in accordance with the present invention and using methods of the 
present invention. Exemplary base station 200 may be the nearby, e.g., terrestrial, base station 
102 of the exemplary system 100 of Figure 1. The base station 200 is sometimes referred to an 
access node, as the base station 200 provides network access to WTs. The base station 200 
includes a receiver 202, a transmitter 204, a processor 206, an I/O interface 208, and a memory 
210 coupled together via a bus 212 over which the various elements may interchange data and 
information. The receiver 202 includes a decoder 214 for decoding received uplink signals from 
WTs. The transmitter 204 includes an encoder 216 for encoding downlink signals to be 
transmitted to WTs. The receiver 202 and transmitter 204 are each coupled to antennas (218, 
220) over which uplink signals are received from WTs and downlink signals are transmitted to 
WTs, respectively. In some embodiments, the same antenna is used for receiver 202 and 
transmitter 204. The I/O interface 208 couples the base station 200 to the Internet/other network 
nodes. The memory 210 includes routines 222 and data/information 224. The processor 206, 
e.g., a CPU, executes the routines 222 and uses the data/information 224 in memory 210 to 
control the operation of the base station 200 and implement the methods of the present invention. 
Routines 222 include a communications routine 226 and base station control routine 228. The 
communications routine 226 implements the various communications protocols used by the base 
station 200. The base station control routine 228 includes a scheduler module 230, which assigns 
uplink and downlink segments to WTs including uplink traffic channel segments, downlink 
control modules 232 and uplink multi-tone user control modules 234. Downlink control module 
232 controls downlink signaling to WTs including beacon signaling, pilot signaling, assignment 
signaling, downlink traffic channel segment signaling, and automatic retransmission mechanisms 
regarding downlink traffic channel segments in accordance with acks/naks received. Uplink 
multi-tone user control modules 234 control operations related to a WT operating in multi-tone 
-10- 
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IP '"-^i^^Jg? I 1 ^'^ Ibis's operations, operations of receiving and processing uplink traffic 

channel user data from a WT communicated over multiple, e.g., 7, tones simultaneously in an 
- assigned uplink traffic channel segment, with assignment changing between different WTs over 
time, timing synchronization operations, and processing of control information from a WT 
communicated over a dedicated control channel using a dedicated logical tone. 

[0042] Data/information 224 includes user data/information 236 which includes a 
plurality of sets of information (user 1/MN session A session B data/information 238, user N/MN 
session X data/information 240) corresponding to the wireless terminals using the base station 
200 as their point of network attachment. Such WT user data/information may include, e.g., WT 
identifiers, routing information, segment assignment information, user data/information, e.g., 
voice information, data packets of text, video, music, etc., coded blocks of information. 
Data/information 224 also includes system information 242 including multi-tone UL user 
frequency/timing/power/tone hopping/coding structure information 244. 

[0043] Figure 2A is a drawing of an exemplary base station 300, e.g., a satellite based 
base station, implemented in accordance with the present invention and using methods of the 
present invention. Exemplary base station 300 maybe BS 104 of exemplary system 100 of 
Figure 1 . The base station 300 is sometimes referred to an access node, as the base station 
provides network access to WTs. The base station 300 includes a receiver 302, a transmitter 304, 
a processor 306, and a memory 308 coupled together via a bus 310 over which the various 
elements may interchange data and information. The receiver 302 includes a decoder 312 for 
decoding received uplink signals from WTs. The transmitter 304 includes an encoder 3 14 for 
encoding downlink signals to be transmitted to WTs. The receiver 302 and transmitter 304 are 
each coupled to antennas (316, 318) over which uplink signals are received from WTs and 
downlink signals are transmitted to WTs, respectively. In some embodiments, the same antenna 
is used for the receiver 302 and transmitter 304. In addition to communicating with WTs, the 
base station 300 can communicate with other network nodes, e.g., a ground station with a 
directional antenna and high capacity link, the ground station coupled to other network nodes, 
e.g., other base stations, routers, AAA servers, home agent nodes and the Internet. In some 
embodiments, the same receivers 302, transmitters 304, and/or antennas previously described 
with BS - WT communication links are used for BS - network node ground station links, while in 
other embodiments separate elements are used for different functions. The memory 308 includes 
routines 320 and data/information 322. The processor 306, e.g., a CPU, executes the routines 
-11- 
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IP ^J^ySWe-'dSSSiBMon 322 in memory 308 to control the operation of the base station 

300 and implement the methods of the present invention. The memory 308 includes a 
- communications routine 324 and base station control routine 326. The communications routine 
324 implements the various communications protocols used by the base station 300. The base 
station control routine 326 includes a scheduler module 328, which assigns downlink segments to 
WTs and reschedules downlink segments to WTs in response to received requests for 
retransmission, downlink control modules 330, single uplink tone user control modules 332, and 
network module 344. Downlink control module 330 controls downlink signaling to WTs 
including beacon signaling, pilot signaling, downlink segment assignment signaling, and 
downlink traffic channel segment signaling. The single UL tone user control modules 332 
perform operations including: assigning a single dedicated logical tone to a WT user to be used 
for uplink signaling including both user data and control information and timing synchronization 
operations with a WT seeking to use the BS as its point of network attachment. Network module 
334 controls operations related to the I/O interface with the network node ground station link. 

[0044] Data/information 322 includes user data/information 336 which includes a 
plurality of sets of information (user 1/MN session A session B data/information 338, user N/MN 
session X data/information 340) corresponding the wireless terminals using the base station 300 
as their point of network attachment. Such WT information may include, e.g., WT identifiers, 
routing information, assigned uplink single logical tone, downlink segment assignment 
information, user data/information, e.g., voice information, data packets of text, video, music, 
etc., coded blocks of information. Data/information 322 also includes system information 342 
including single-tone UL user frequency/timing/power/tone hopping/coding structure 
information 344. 

[0045] Figure 3 is a drawing of an exemplary wireless terminal 400, e.g., mobile node, 
implemented in accordance in the present invention and using methods of the present invention. 
Exemplary WT 400 may be any of the MNs 106, 108 of the exemplary system 100 of Figure 1 . 
The exemplary wireless terminal 400 includes a receiver 402, a transmitter 404, a processor 406, 
and memory 408 coupled together via a bus 410 over which the various elements may 
interchange data/information. The receiver 402, coupled to a receive antenna 412, includes a 
decoder 414 for decoding downlink signals received from BSs. The transmitter 404 coupled, to a 
transmit antenna 416, includes an encoder 418 for encoding uplink signals being transmitted to 
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y i, il:""ln i Lome f^oSenlJSe same antenna is used for the receiver 402 and transmitter 404. 
In some embodiments, an omni-directional antenna is used. 

[0046] The transmitter 404 also includes a power amplifier 405. The same power 
amplifier 405 is used by the WT 400 for both the multi-tone uplink mode of operation and the 
single tone uplink mode of operation. For example, in the multi-mode uplink operational mode, 
where the uplink traffic channel segments may typically use 7, 14, or 28 tones simultaneously, 
the power amplifier needs to accommodate peak conditions where the 28 signals corresponding 
to the 28 tones simultaneously constructively align, this tends to limit the average output level. 
However, when the WT 400 is operated in a single uplink tone mode of operation, using the 
same power amplifier, the concern constructive alignment between signals from different tones is 
not an issue, and the average power output level for the amplifier can be considerably increased 
over the multi-tone operational mode. This approach, in accordance with the present invention, 
allows for a conventional terrestrial mobile node, to be adapted, with minor modifications, and 
used to communicate uplink signals to a satellite base station at a substantially increased 
distance. 

[0047] The memory 408 includes routines 420 and data/information 422. The processor 
406, e.g., a CPU, executes the routines 420 and uses the data/information 422 in memory 408 to 
control the operation of the wireless terminal 400 and implement the methods of the present 
invention. The routines 420 include a communications routine 424 and wireless terminal control 
routines 426. The communications routine 424 implements the various communications 
protocols used by the wireless terminal 400. The wireless terminal control routines 426 include 
an initialization module 427, a handoff module 428, an uplink mode switching control module 
430, uplink single tone mode module 432, uplink multi-tone mode module 434, an uplink tone 
hopping module 436, a coding module 438, and a modulation module 440. 

[0048] The initialization module 427 controls operations regarding start-up of the 
wireless terminal, e.g., including start-up from a power off to a power on state of operation, and 
operations related to the wireless terminal 400 seeking to establish a wireless communications 
link with a base station. The handoff module 428 controls operations related to handoffs form 
one base station to another, e.g., the WT 400 may be currently connected with a terrestrial base 
station, but be involved in a handoff to a satellite base station. Uplink switching control module 
430 controls switching between different modes of operation, e.g., switching from a multi-tone 
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i vt^l^nSil^^pSai^^AD^ tone uplink mode of operation when the wireless terminal 
switches from communicating with a terrestrial base station to a satellite base station. Uplink 
single tone mode module 432 includes modules used in the single tone mode of operation with 
satellite base stations, while UL multi-tone mode module 434 includes modules used in the 
multi-tone mode of operation with terrestrial base stations. 

[0049] Uplink single tone mode module 432 includes a user data transmission control 
module 442, a transmission power control module 444, a control signaling module 446, a UL 
single tone determination module 448, a control data/user data multiplexing module 450, a DL 
traffic channel retransmission request module 452, a dwell boundary and/or inter-symbol 
boundary carrier adjustment module 454, and an access module 456. The user data transmission 
module 442 controls operations related to uplink user data while in the single tone mode of 
operation. The transmission power control module 444 controls the transmission of power 
during the single tone uplink mode to maintain an average peak to average power ratio which is 
at least 4 dB lower than a peak to average power ratio maintained during said multi-tone uplink 
mode of operation. The control signaling module 446 controls signaling during the single tone 
mode of operation, and such control operations include reducing the frequency and/or number of 
the uplink control signals which are transmitted from the WT 400 when operation switches from 
the multi-tone mode of operation to the single tone mode of operation. The uplink single tone 
determination module 448 determines the single logical tone in the uplink timing structure which 
has been assigned to the WT to be used for uplink signaling, e.g., via an association with a base 
station assigned WT identifier. The control data/user data multiplexing module 450 multiplexes 
user data information bits with control data bits providing a combined input that may be coded as 
a block. The downlink traffic channel retransmission request module 452 issues requests for 
retransmission of downlink traffic channel segment which were not successfully decoded, e.g., 
provided the WT deems the data would still be valid given the large delay involved due to the 
long round trip signaling time. Dwell boundary carrier adjustment module 454 slightly changes 
the carrier frequency of the tone during the cyclic extension of the OFDM symbol that terminates 
a dwell so that the signal phase at the end of the symbol is at a desired value equal to the starting 
phases of the subsequent symbol. In this way, in accordance with a feature of some 
embodiments of the present invention, at frequency hops, the phase of the transmitted waveform 
can be controlled to be phase continuous across frequencies. In some embodiments, the 
frequency adjustment is performed, e.g., as part of a multi-part cyclic prefix included in each of 
successive OFDM symbols, to provide continuity between successive uplink OFDM symbols 
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"takmilS f?y%e $f "over Mi uplink during the single UL tone mode of operation. This 
continuity between symbols of the signal is advantageous in maintaining peak power level 
control, which affects the level to which the power amplifier 405 can be driven while in the 
single tone mode of operation. 

[0050] The access module 456 controls operations related to establishing a new wireless 
link with a satellite base station. Such operation may include, e.g., timing synchronization 
operations including access probe signaling in accordance with various features of some 
embodiments of the present invention. For geo-stationary satellites with a beam covering a large 
geographical area there may be significant differences in the round trip time between the center 
of the beam and the edge. To resolve this RTT ambiguity, a ranging scheme capable of resolving 
delta-RTT of several milliseconds is used. For example, the timing structure may be divided into 
different time segments, such as, e.g., superslots, where a superslot represents 1 14 successive 
OFDM symbol transmission time intervals, and different coding of the access probe signal may 
be used for different superslots. This can be used to allow timing ambiguity between the WT and 
satellite BS to be resolved to within a superslot. In addition, repeated access attempts at various 
time offsets can be attempted repeatedly to cover the superlot ambiguity, e.g., (<1 1 .4msec). In 
some embodiments, position about the last terrestrial BS detected can be used to form an initial 
round trip time estimate (WT-SAT BS- WT) and this estimate can compress the range used to 
within the range supported by access signaling typically used with terrestrial base stations. 

[0051] The uplink multi-tone module 434 includes a user data transmission control 
module 458, a transmission power control module 460, a control signaling module 462, an uplink 
traffic channel request module 464, an uplink traffic channel tone set determination module 466, 
an uplink traffic channel modulation/coding selection module 468, a downlink traffic channel 
ack/nak module 470, and an access module 472. The user data transmission control module 458 
includes operations including controlling transmission of uplink traffic channel segments 
assigned to the WT. 

[0052] User data transmission control module 458 controls uplink transmission related 
operations of user data in the multi-tone mode of operation, wherein user data is communicated 
in an uplink traffic channel segment, temporarily assigned to the WT, and including signals to be 
transmitted using multiple tones simultaneously. Transmission power control module 460 
controls uplink transmission power levels in the multi-tone mode of uplink operation, e.g., 
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1i3ustmg^u|fe'pcS#I^llii accordance with received base station uplink power control 
signals and within the capabilities of the power amplifier, e.g., in terms of not exceeding peak 
power output capability of power amplifier. Control signaling module 462 controls power and 
timing control signaling operations while in the multi-tone uplink mode of operation, the rate of 
control signaling being higher than in the single-tone uplink mode of operation. In some 
embodiments, control signaling module 462 includes the use of a dedicated control channel 
logical tone dedicated to the WT by the BS, e.g., corresponding to a BS assigned WT identifier, 
for use in uplink control signaling. Control signaling module 462 may code control information 
for transmission in uplink control channel segments which do not include user data. UL traffic 
channel request module 464 generates requests for traffic channel segments to be assigned, e.g., 
when the WT 400 has user data to communicate on the uplink. UL traffic channel tone set 
determination module 466 determines the set of tones to use corresponding to an assigned uplink 
traffic channel segment. The set of tones includes multiple tones to be used simultaneously. In 
the multi-tone mode of operation, the logical tone set assigned to a WT for communicating 
uplink traffic channel user data at one time may differ from the logical tone set assigned to the 
WT for communicating uplink traffic channel user data at a different time, even though the WT 
may have been assigned the same WT identifier by the same BS. Module 466 can also use tone 
hopping information to determine the physical tones corresponding to the logical tones. UL 
traffic channel modulation/coding selection module 468 selects and implements the uplink 
coding rate and modulation method to be used for an uplink traffic channel segment. For 
example, in the UL multi-tone mode, the WT may support a plurality of user data rates 
implemented using different coding rates and/or different modulation methods, e.g., QPSK, 
QAM 16. DL traffic channel Ack/Nak module 470 controls Ack/Nak determination and response 
signaling of received downlink traffic channel segments, while in the uplink multi-tone mode of 
operation. For example, for each downlink traffic channel segment in the downlink timing 
structure, there may be a corresponding Ack/Nak uplink segment in the uplink timing structure 
for the UL multi-tone mode of operation, and the WT, if assigned the downlink traffic channel 
segment sends an Ack/Nak back to the BS conveying the result of the transmission, e.g., to be 
used in an automatic retransmission mechanism. Access module 472 controls access operations 
while in the multi-tone mode of operation, e.g., access operations to establish a wireless link with 
a nearby, e.g., terrestrial base station, and achieve timing synchronization. In some 
embodiments, the access module 472 for multi-tone mode has a lower level of complexity than 
the access module 456 for single-tone mode. 
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"" 1 '" [{i'lSf J ib ^ ! |mkmali : 6n 422 includes uplink operational mode 474, base station 
identifier 476, base stations system information 475, base station assigned wireless terminal 
identifier 477, user/device/session/resource information 478, uplink user voice data information 
bits 479, uplink user multiplexed packet data information bits 480, uplink control data 
information bits 48 1 , coded block including uplink user data and control data 482, coded user 
data block, coded control data block 484, frequency and timing structure information 485, single 
tone mode coding block information 488, multi-tone mode coding block information 489, single 
tone mode transmitter blanking criteria/information 490, single tone mode transmitter power 
adjustment information 491, multi-tone mode transmitter power adjustment information 492, and 
single tone mode carrier frequency/cyclic extension adjustment information 493. The uplink 
operational mode 474 includes information identifying whether the WT 400 is currently in the 
multi-tone uplink mode, e.g., for communications with a terrestrial base station or in the single- 
tone uplink mode, e.g., for communications with a satellite base station. BSs system information 
475 includes information associated with each of the base stations in the system, e.g., type of 
base station satellite or terrestrial, carrier frequency or frequencies used by the base station, base 
station identifier information, sectors in the base station, timing and frequency uplink and 
downlink structures used by the base station, etc. 

[0054] BS identifier 476 includes an identifier of the BS the WT 400 is using as its 
current point of network attachment, e.g., distinguishing the BS from other BSs in the overall 
system. BS assigned WT identifier 477 may be an identifier, e.g., a value in the range 0..3 1 , 
assigned by the BS being used as the WTs point of network attachment. In the single tone-tone 
uplink mode of operation, the identifier 477 may be associated with a single dedicated logical 
tone in the uplink timing structure to be used by the WT for uplink signaling including both user 
data and control data. In the multi-tone uplink mode of operation, the identifier 477 may be 
associated with a logical tone in the uplink timing structure to be used by the WT for a dedicated 
control channel for uplink control data. The BS assigned WT identifier 477 may also be used by 
the BS when making segment assignments, e.g., of an uplink traffic channel segment in the 
multi-tone mode of uplink operation. 

[0055] User/device session/resource information 478 includes user and device 
identification information, routing information, security information, ongoing session 
information, and air link resource information. Uplink user voice data information bits 479 
include input user data corresponding to a voice call. Uplink user multiplexed packet data 
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mformafei^ls 48? mHuJesmput user data, e.g., corresponding to text, video, music, a data 
file, etc. Uplink control data information bits 481 includes power and timing control information 
that the WT 400 desires to communicate to the BS. Coded block including uplink user data and 
control bits 482 is the coded output block corresponding to a mixture of user information bits 478 
and/or 479 in combination with control information bits 481, which is formed in some 
embodiments during the UL single tone mode of operation. Coded user data block 483 is a 
coded block of user information bits 478 and/or 479, while coded control data block 484 is a 
coded block of control information bits 48 1 . Data and control information are coded separately 
in the UL multi-tone mode of operation, and in some embodiments, of the UL single tone mode 
of operation. In some embodiments of the single-tone mode of operation where coding between 
uplink user data and uplink control data is separate, the ability to blank the transmitter, when 
there is no user data to communicate, is facilitated. Single tone mode transmitter blanking 
criteria/information 490 is used in the blanking decisions, e.g., applying no output transmitter 
power on the single uplink tone during some intervals dedicated to user data, where there is no 
data to communicate, e.g., due to a lull in an ongoing conversation. This approach of transmitter 
blanking results in power saving for the wireless terminal, an important considerations where the 
average power output is relatively high to facilitate communications with a satellite in geo- 
stationary orbit. In addition, levels of interference may be reduced. 

[0056] Single tone mode coding block information 488 includes information identifying 
the coding rate and modulation method used for the uplink in the single tone mode of operation, 
e.g., a low coding rate using QPSK modulation, e.g., supporting at least 4.8KBits/sec. Multi- 
tone mode coding block information 489 includes a plurality of different data rate options that 
are supported for uplink traffic channel segments in the uplink during the multi-tone mode of 
operation, e.g., various coding rates and modulation schemes including QAM4, e.g., QPSK, and 
QAM 16, such as to support at least the same coding rate as in the single tone mode plus some 
additional higher data rates. 

[0057] Frequency and timing structure information 485 includes dwell boundary 
information 486 and tone hopping information 487, corresponding to the BS being used as the 
point of network attachment. Frequency and timing structure information 485 also includes 
information identifying logical tones within the timing and frequency structure. 
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!L ' 1 '[jiMP*%£$di&fi^ transmitter power adjustment information 491 and multi-tone 
mode power adjustment information 492 includes information such as peak power, average 
power, peak to average power ratio, maximum power levels, for operation and control of the 
power amplifier 405, when in the single tone mode and multi-tone mode of operation, 
respectively. Single tone mode carrier frequency cyclic extension adjustment information 493 
includes information used by the dwell boundary and/or inter-symbol boundary carrier 
adjustment module 454 to implement continuity between signals at symbol boundaries in the 
uplink during the single tone mode of operation, e.g., especially during hops at a dwell boundary 
from one physical tone to another. 

[0059] Figure 4 is a drawing 500 illustrating exemplary uplink information bit encoding 
for an exemplary WT, e.g., MN, operating in a single-tone uplink mode of operation, in 
accordance with various embodiments of the present invention. A logical tone, in the uplink 
frequency structure, is assigned directly or indirectly, e.g., by the base station, to the WT. For 
example, the BS may assign the single-tone mode WT a user identifier that may be associated 
with a specific dedicated logical tone. For example, the logical tone may be the same logical 
tone used as a dedicated control channel (DCCH) tone, if the WT is in a multi-tone mode of 
operation, e.g., where the WT normally communicates uplink traffic channel information using 
seven or more tones at the same time. The logical tone may be mapped to a physical tone in 
accordance with tone hopping information known to both the base station and the WT. Tone 
hopping between different physical tones may occur on dwell boundaries, where a dwell may be 
a fixed number, e.g., seven, of consecutive OFDM symbol transmission time intervals in a timing 
structure used in the uplink. The same logical tone in the uplink frequency structure is used in 
the single-tone mode of operation to convey both control information bits 502 and user data 
information bits 504. The control information bits 502 may include, e.g., power and timing 
control information. The user data bits 504 may include voice user data information bits 506 
and/or multiplexed packet user data bits 508. A multiplexer 510 is used to receive the control 
data information bits 502 and the user data information bits 504. The output 5 1 2 of the 
multiplexer 510 is an input to an uplink block encoding module 514 which encodes the 
combination of control and user information bits and outputs a coded block of coded bits 516. 
The coded bits are mapped onto modulation symbols, in accordance with the uplink modulation 
scheme used, e.g., a low rate QSPK modulation scheme, and the modulation symbols are 
transmitted using the physical tone corresponding to the assigned logical tone. The uplink rate is 
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' |Jl ''"'sucli' as S'sGpfoift' if ifest Mi"single voice call. In some embodiments, the uplink user 
information rate is at least 4.8Kbits/sec. 

[0060] Figure 5 is a drawing illustrating an exemplary OFDM wireless multiple access 
communications system 600 including a hybrid of base stations that are both terrestrial based and 
space based, in accordance with various embodiments of the present invention. Each satellite 
(satellite 1 602, satellite 2 604, satellite N 606) includes a base station (satellite base station 1 
608, satellite base station 2 610, satellite base station N 612), implemented in accordance with 
the present invention and using methods of the present invention. The satellites (602, 604, 608) 
maybe, e.g., geo-stationary satellites, located in space 601 in a high earth orbit of approximately 
22,300 mi around the equator of the earth 603. The satellites (602, 604,606) may have 
corresponding cellular coverage areas on the surface of the earth (cell 1614, cell 2 616, cell N 
618), respectively. The exemplary hybrid communications system 600 also includes a plurality 
of terrestrial base station (terrestrial BS 1' 620, terrestrial BS 2' 622, terrestrial BS N' 624), each 
with a corresponding cellular coverage area (cell 1' 626, cell 2' 628, cell N' 630), respectively. 
Different cells or portions of different cell may or may not overlap with one another either 
partially or completely. Typically, the size of a terrestrial base stations cell is smaller than the 
size of a satellite's cell. Typically, the number of terrestrial base stations exceeds the number of 
satellite base stations. In some embodiments, many relatively small terrestrial BS cell are located 
within a satellites relatively large cell. For example, in some embodiments, terrestrial cells have 
a typical radius of 1 -5 mi, while satellite cells typically have a radius of 100 - 500 mi. A 
plurality of wireless terminals, e.g., user communications devices such as cell phones, PDA, data 
terminals, etc., implemented in accordance with the present invention and using methods of the 
present invention exist in the system. The set of wireless terminals may include stationary nodes 
and mobile nodes; the mobile nodes may move throughout the system. A mobile node may use a 
base station, in whose cell it currently resides, as its point of network attachment. In some 
embodiments, the terrestrial BSs are used by the WTs as the default type of base station to first 
try to use in locations where access could be provided by either a terrestrial or satellite base 
station, with the satellite base stations being used primarily to provide access in those areas not 
covered by a terrestrial base station. For example, in some areas it may be impractical to install a 
terrestrial base station for economic, environmental, and/or terrain reasons, e.g., due to low 
population density, due to rugged inhospitable terrain, etc. In some terrestrial base station cells, 
there may be dead spots, e.g., due to obstructions such as mountains, high buildings, etc. In such 
dead spot locations satellite base stations could be used to fill in the gaps in coverage to provide 
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She w'f user wikmore keamllL overall coverage. In addition, priority considerations, and user 
subscribed tier levels are used, in some embodiments, to determine access to satellite base 
stations. The base stations are coupled together, e.g., via a backhaul network, providing 
interconnectivity for the MNs located in different cells. 

[0061] MNs communicating with a satellite base station may be operating in a single- 
tone mode of operation where a single tone is used for the uplink, e.g., supporting a voice 
channel. In the downlink, a larger set of tones may be used, e.g., 1 1 3 downlink tones, which are 
received and processed by the WT. For example, in the downlink the WT may be assigned 
temporarily, as needed, a downlink traffic channel segment using a plurality of tones 
simultaneously. In addition, the WT may receive control signaling simultaneously over different 
tones. Cell 1 614 includes (MN1 632, MN N 634) communicating with satellite BS 1 608 via 
wireless links (644, 646), respectively. Cell 2 616 includes (MN1' 636, MN N' 638) 
communicating with satellite BS 2 610 via wireless links (648, 650), respectively. Cell N 618 
includes (MN1" 640, MN N' 642) communicating with satellite BS N 612 via wireless links 
(652, 654), respectively. In some embodiments, the downlink between the satellite BS and the 
MN supports a higher rate of user information than the corresponding uplink, e.g., supporting 
voice, data, and/or digital video broadcast in the downlink. In some embodiments, the downlink 
user data rate provided a WT, using a satellite BS as its point of network attachment, is 
approximately the same as the uplink user data rate, e.g., 4.8Kbit/sec, thus supporting a single 
voice call, but tending to conserve power resources of the satellite base station. 

[0062] MNs communicating with a terrestrial base stations may be operating in a 
conventional mode of operation, e.g., where multiple tones, e.g., seven or more, are used 
simultaneously for uplink traffic channel segments. Cell 1' 626 includes (MNl m 654, MN N'" 
656) communicating with terrestrial BS 1' 620 via wireless links (666, 668), respectively. Cell 2' 
628 includes (MN1"" 658, MN N"" 660) communicating with terrestrial BS 2 622 via wireless 
links (670, 672), respectively. Cell N' 630 includes (MM""' 662, MN N'"" 664) communicating 
with terrestrial BS N' 624 via wireless links (674, 676), respectively. 

[0063] Figure 6 is a drawing showing exemplary backhaul interconnectivity between the 
various satellite based and terrestrial based base stations of Figure 5. Various network nodes 
(702, 704, 706, 708, 710, 712) may, include, e.g., routers, home agent nodes, foreign agent 
nodes, AAA server nodes, and satellite tracking/high communications data rate capacity ground 
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links (714, 716, 718) between the network nodes (702, 716, 718) serving as ground stations and 
- the satellite base stations (608, 6 1 0, 6 1 2) may be wireless links using directed antennas while, the 
links (720, 722, 724, 726, 728, 730, 732, 734, 736, 738) between the terrestrial nodes maybe 
wire and/or wireless links, e.g., fiber optic cables, broadband cables, microwave links, etc. 

[0064] Figure 7 is a flowchart 1 200 of an exemplary method of operating a wireless 
terminal, e.g., mobile node, in accordance with the present invention. The wireless terminal may 
be one of a plurality of first type wireless terminals in an exemplary wireless OFDM multiple 
access spread spectrum communications system including a plurality of base stations, some base 
stations being terrestrial based and some base stations being satellite based, said first type 
wireless terminals being capable of communicating with both terrestrial base stations and 
satellite base stations. The exemplary communications system may also include exemplary 
second type wireless terminals which can communicate with terrestrial base stations, but cannot 
communicate with satellite base stations. 

[0065] Operation of the method of flowchart 1 200 starts in step 1 202 in response to a 
wireless terminal having powered on or in response to a handoff operation. Operation proceeds 
from start step 1202 to step 1204. In step 1204, the wireless terminal determines whether the 
network attachment point, that it intends to use as its new point of network attachment, is a 
terrestrial base station or a satellite base station. If it is determined in step 1204 that the new 
network attachment point is a terrestrial base station then operation proceeds to step 1206, where 
the wireless terminal sets its operating mode to a first operating mode, e.g., a multiple tone 
uplink mode of operation. However, if it is determined in step 1204 that the new network 
attachment point is a satellite base station, then operation proceeds to step 1208, where the 
wireless terminal sets its operating mode to a second operating mode, e.g., a one tone uplink 
mode of operation. 

[0066] Returning to step 1206, operation proceeds from step 1206 to step 1210, where 
the WT having been accepted by the new terrestrial base station, receives a base station assigned 
wireless terminal user identifier. Operation proceeds from step 1210 to step 1212, 1214, and 
1216. In step 1212, the WT is operated to receive signals corresponding to downlink traffic 
channel segments, conveying downlink user data, from the terrestrial base station. Operation 
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p C $£MM^^$7tPJ$p 1218, where the WT sends an Acknowledgment/Negative 
Acknowledgment (Ack/Nak) response signal to the base station. 

[0067] Returning to step 1 2 1 4, in step 1 2 1 4, the WT determines a dedicated control 
channel logical tone from the WT user ID received in step 1212. Operation proceeds from step 
1214 to step 1220. In step 1220, the WT determines the physical tone corresponding to the 
logical tone to use based upon tone hopping information. For example, the WT assigned ID 
variable may have a range of 32 values (0..31), each ID corresponding to a different single 
logical tone in a uplink timing structure, e.g., an uplink timing structure including 113 tones. 
The 1 13 logical tones may be hopped in accordance with an uplink tone hopping pattern within 
the uplink timing structure. For example, excluding access intervals, the uplink timing structure 
may be subdivided into dwell intervals, each dwell interval having a duration of a fixed number, 
e.g., seven, successive OFDM symbol transmission time intervals, and tone hopping occurs at the 
dwell boundaries but not in-between. Operation proceeds from step 1220 to step 1222. In step 
1222, the WT is operated to transmit uplink control channel signals using the dedicated control 
channel tone. 

[0068] Returning to step 1216, in step 1216, the WT checks as to whether there is user 
data to transmit on the uplink. If there is no data waiting to be transmitted, operation proceeds 
back to step 1216, where the WT continues to check for data to transmit. However, if in step 
1216, it is determined that there is user data to transmit on the uplink, then operation proceeds 
from step 1216 to step 1224. In step 1224, the WT requests an uplink traffic channel assignment 
from the terrestrial base station. Operation proceeds from step 1224 to step 1226. In step 1226, 
the WT receives an uplink traffic channel segment assignment. Operation proceeds to step 1228, 
where the WT selects a modulation method to use, e.g., QPSK or QAM16. In step 1230, the WT 
selects a coding rate to be used. Operation proceeds from step 1230 to step 1232, where the WT 
codes the user data for the assigned uplink traffic channel segment in accordance with the 
selected coding rate of step 1230 and maps the coded bits to modulation symbol values in 
accordance with the selected modulation method of step 1228. Operation proceeds from step 
1232 to step 1234, where the WT determines the logical tones to use based on the uplink traffic 
channel segment assignment. In step 1236, the WT determines the physical tones, corresponding 
to the logical tones to use based on tone hopping information. Operation proceeds from step 
1236 to step 1238. instep 1238, the WT transmits user data to the terrestrial base station using 
the determined physical tones. 
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[0069] Returning to step 1208, operation proceeds from step 1208 to step 1240. In step 
1240, the WT, having been accepted by the satellite base station, receives a BS assigned WT user 
ID from the satellite base station. Operation proceeds from step 1240 to steps 1242 and step 
1244. 

[0070] In step 1242, the WT is operated to receive signals corresponding to downlink 
traffic channel segments, conveying downlink user data, from the satellite base station. 
Operation proceeds from step 1242 to step 1246, where the WT request retransmission of the 
downlink traffic channel user data in response to an error. If the downlink transmission was 
successfully received and decoded no response is communicated from the wireless terminal to 
the base station. In some embodiments, where an error is detected in the information recovery 
process, a request for retransmission is not sent, e.g., as the time window of validity for the lost 
downlink data will expire before a retransmission could be completed or due to a low priority 
level of the data. 

[0071] Returning to step 1 244, in step 1 244, the WT determines the single uplink logical 
tone to use for both control data and user data for the assigned WT user ID. Operation proceeds 
to either step 1248 or step 1250, depending on the particular embodiment. 

[0072] In step 1248, the WT multiplexes user data and control data to be communicated 
on the uplink. The multiplexed data of step 1248 is forwarded to step 1252, where the WT codes 
the mixture of user and control information bits into a single coded block. Operation proceeds 
from step 1252 to step 1254, where the WT determines the physical tone to use for each dwell 
based on the determined logical tone and tone hopping information. Operation proceeds from 
step 1254 to step 1256. In step 1256, the WT is operated to transmit the coded block of 
combined user data and control data to the satellite base station using the determined physical 
tone for each dwell. 

[0073] In step 1250, the WT is operated to code the user data and control data in 
independent blocks. Operation proceeds from step 1250 to step 1258, where the WT is operated 
to determine the physical tone to be used for each dwell based on the determined logical tone and 
the tone hopping information. Operation proceeds from step 1258 to step 1260. In step 1260, 
the WT is operated to transmit coded blocks of user data and coded blocks of control data to the 
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"""salteliife Base S^o^J^gft^determined physical tone, determined on a per dwell basis. With 
regard to step 1260, in accordance with a feature of some embodiments of the present invention, 
during time intervals dedicated to user data, where there is no user data to be transmitted, the 
single tone is allowed to go unused. 

[0074] Operating a wireless terminal in accordance with the method of flowchart 1200 
can result in operating the wireless terminal during a first period of time including a first plurality 
of consecutive OFDM symbol transmission time periods in the first mode of operation during 
which multiple OFDM tones are used simultaneously to transmit at least some user data in a first 
uplink signal having a first peak to average power ratio. For example, the WT may using a 
terrestrial base station as its point of network attachment and may be communicating uplink user 
data over air link resources corresponding to an uplink traffic channel segment using a plurality 
of tones simultaneously for uplink traffic channel data, e.g., 7, 14, or 28 tones; an additional tone 
or tones may also be used in parallel for control signaling, e.g., a dedicated control channel tone. 
Operating a wireless terminal in accordance with the method of flowchart 1200 can also result in 
operating the wireless terminal during a second period of time including a second plurality of 
consecutive OFDM symbol transmission time periods in the second mode of operation during 
which at most one OFDM tone is used to transmit at least some user data in a second uplink 
signal having a second peak to average power ratio, which is different from said first peak to 
average ratio. For example, during the second period of time, the WT may be using a satellite 
base station as its point of network attachment and may be communicating uplink user data and 
control data over air link resources corresponding to a single dedicated logical tone associated 
with a base station assigned WT user identifier, said single dedicated logical tone may be hopped 
to different physical tones on dwell boundaries. 

[0075] In some embodiments, the second peak to average power ratio is lower than the 
first peak to average power ratio, e.g., by at least 4dB. In some embodiments, the WT uses an 
omni-directional antenna. User data communicated over the uplink during the first mode of 
operation during the first period of time can include user data at a rate of at least 4.8 Kbits/sec. 
User data communicated over the uplink during the second mode of operation during the second 
period of time can include user data at a rate of at least 4.8 Kbits/sec. For example, a voice 
channel may be supported for WT operation in both the first and second modes of operation. In 
some embodiments, the WT supports a plurality of different uplink coding rate options in the 
first mode of operation including a plurality of different coding rates and a plurality of different 
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1 mJdulMSn scflmdl; igfj QAM16. In some embodiments, the WT supports a single 
uplink rate option for operation in the second mode, e.g. QPSK using a single coding rate. In 
some embodiments, the information bit rate, regarding uplink user data signals, in the second 
mode of operation is less than or equal to the minimum information bit rate, regarding uplink 
user data signal, in the first mode of operation. 

[0076] In some embodiments, the distance between the satellite base station and the 
wireless terminal, when said satellite base station is being used by the WT as its point of network 
attachment, is at least 3 times the distance between the terrestrial base station and the wireless 
terminal, when said terrestrial base station is being used by the WT as its point of network 
attachment. In some embodiments, at least some of the satellite base stations in the 
communications system are geo-stationary or geo-synchronous satellites. In some such 
embodiments, the distance between the geo-stationary or geo-synchronous satellite base station 
and the WT using it as its point of network attachment is at least 35,000 km, while the distance 
between a ground base station and the WT using it as its point of network attachment is at most 
100 km. In some embodiments, the satellite base station being used by the WT as its point of 
network attachment is at least a distance away from the WT such that a signal round trip time 
exceeds 100 OFDM symbol transmission time period, each OFDM symbol transmission time 
period including an amount of time used to transmit one OFDM symbol and a corresponding 
cyclic prefix. 

[0077] In some embodiments, switching from a first mode of operation to a second mode 
of operation occurs when a handoff occurs between a terrestrial base station and a satellite base 
station. In some such embodiments, wherein switching from the first mode of operation to the 
second mode of operation occurs, the WT ceases to send acknowledgment signals in response to 
received downlink user data. In some such embodiments, wherein switching from the first mode 
of operation to the second mode of operation occurs, the WT reduces the frequency and/or 
number of uplink control signals which are transmitted. 

[0078] Other embodiments, in accordance with various features of the present invention, 
may include systems that include space based base stations but do not include terrestrial based 
base stations, systems that include terrestrial base stations but do not include space based base 
stations, and various combinations including airborne platform based base stations. 
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"" 8 "'" Ido^lp if sSirisffli as the uplink system of the present invention, in addition to 
power issues, uplink symbol timing synclironization may be an issue in some but not necessarily 
all applications, e.g., applications in which there are multiple WTs which may transmit in an 
uplink to a satellite at the same time as occurs in a multi-user system. In OFDM, it is important 
that symbols transmitted by different WTs arrive at the base station at the same time. Various 
methods of achieving uplink timing synchronization may be used. At least some exemplary 
timing synchronization methods are described in U.S. Provisional Patent Application S.N. 
60/689,910, filed on June 13, 2005 titled "METHODS AND APPARATUS FOR SUPPORTING 
OFDM UPLINKS WITH REMOTE BASE STATIONS", identified on the first page of the 
application by Attorney Docket Number: Flarion-171PROV and in U.S. utility Patent 
Application titled "METHODS AND APPARATUS FOR SUPPORTING UPLINKS WITH 
REMOTE BASE STATIONS", filed on the same date as the present application . Both of the 
preceding applications are hereby expressly incorporated by reference and which is being filed 
on the same date as this Provisional Patent application, and which names the same individuals as 
are named on the present application as inventors. 

[0080] In various embodiments of the invention when communicating with remote base 
stations, some of which use multiple tones in an uplink, uplink segment assignments are used 
with the UL assignment slave structure being adjusted to account for assignment of traffic 
segments >2x the maximum RTT (round trip time). In some but not necessarily all cases of 
terminals without high gain antennas, e.g., handsets with omni-directional antennas or nearly 
omni-directional antennas, the extreme link budget requirements for successful receipt of a 
transmitted signal by a satellite base station may limit communication through the use of single 
one mode. Accordingly, in some embodiments when a handoff occurs from a terrestrial base 
station to a satellite base station, the wireless terminal detects the change and switches from 
multi-tone uplink mode to a single OFDM tone uplink mode operation. 

[0081] For geo-stationary satellites with a beam covering a large geographical area there 
may be a significant difference in the round trip time between the center of the beam and the 
edge. To resolve this RTT ambiguity a ranging scheme capable of resolving delta-RTT of 
several milliseconds may be desirable. 

[0082] Such a scheme can use the existing access interval in OFDM with additional time 
varying coding on the access tone set to indicate which forward link super slot the revere-link 
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^anOTMswnfes^^Mie. This coding can resolve ambiguity to the super slot level. The 
terminal may need to try repeated access attempts at varying time offsets to cover the sub- 
superslot (<1 1.4 msec) ambiguity. For a hybrid terrestrial-satellite network the terminal can use 
information about the position of the last terrestrial base station detected to form an initial RTT 
estimate and compress the ambiguity to within the range supported by the normal access 
protocol. 

[0083] Figure 8 is a drawing of an exemplary wireless terminal 800, e.g., mobile node, 
implemented in accordance with the present invention and using methods of the present 
invention. Exemplary wireless terminal 800 includes a receiver 802, a transmitter 804, a 
processor 806, and memory 808, coupled together via a bus 810 over which the various elements 
may interchange data and information. 

[0084] The receiver 802 is coupled to a receive antenna 8 1 2 through which WT 800 
receives downlink signals from base stations. Receiver 802 includes a decoder 814 for decoded 
received downlink signals. Transmitter 804 is coupled to a transmit antenna 816 through which 
WT 800 transmits uplink signals to base stations. In some embodiments, transmit antenna 816 is 
an omni-directional antenna. In some embodiments, the same antenna is used for both transmit 
and receive functions. Transmitter 804 includes a power amplifier 817 and an encoder 818. 
Power amplifier 817 is controlled in accordance with the present invention to control the transmit 
power of uplink signaling. Encoder 818 is operated to encode, e.g., via coded blocks, 
data/information to be communicated in uplink signals to base stations. In some embodiments 
the coding implementation changes as a function of whether the WT 800 is operating in a single 
uplink tone mode of operation or a multi-tone uplink mode of operation. 

[0085] Memory 808 includes routines 820 and data/information 822. The processor 806, 
e.g., a CPU, executes routines 820 and uses the data/information 822 in memory 808 to control 
the operation of the WT 800 and implement methods of the present invention. 

[0086] Routines 820 include a communications routine 824 and wireless terminal control 
routines 826. Communications routine 824 implements the communications protocols used by 
the wireless terminal 800. Wireless terminal control routines 826 includes a switching control 
module 828, a single tone mode transmission control module 830, a multi-tone mode 
transmission control module 832, an uplink signaling frequency control module 834, an uplink 
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'"traffic MSS^u§Si?<M^36, an uplink traffic channel segment transmission termination 
module 838, and a power transmission control module 840. 

[0087] Wireless terminal 800 supports a first multi-tone OFDM uplink mode of 
operation in which the WT 800 uses multiple OFDM tones at the same time to transmit signals to 
a base station and a second single tone OFDM uplink mode of operation in which the WT uses a 
single tone at a time to transmit signals to a base station. Switching control module 828 controls 
switching between the first multi-tone OFDM uplink mode of operation and the second single 
tone OFDM mode of operation. For example, switching control module 828 may control 
operations to transfer control back and forth between single tone transmission control module 
830 and multi-tone transmission control module 832. Switching control module 828 includes a 
terrestrial/satellite switching module 842. Module 842 operations include switching the WT 800 
from a multi-tone uplink mode of operation to the single tone uplink mode of operation when the 
wireless terminal 800 switches from communicating with a terrestrial base station to a satellite 
base station. 

[0088] Single tone mode transmission control module 830 controls the transmitter 804 to 
transmit user data using a single OFDM tone during the single tone uplink mode of operation. 
Multi-tone mode transmission control module 832 controls the transmitter 804 to transmit user 
data using multiple OFDM tones at the same time in the multi-tone uplink mode of operation. 

[0089] Power transmission control module 840 controls the transmitter 804, including 
control of power amplifier 817, to control the transmission power during the single tone uplink 
mode of operation to maintain an average peak to average power ratio which is at least 4dB 
lower than a peak to average power ratio maintained during the multi-tone uplink mode of 
operation. Uplink signaling frequency control module 834 reduces the frequency of uplink 
control signals which are transmitted from the wireless terminal 800 when operation switches 
from the multi-tone uplink mode of operation to the single tone uplink mode of operation. 
Uplink traffic channel request module 836 controls the generation and transmission of requests 
for uplink traffic channel segments during the multi-tone uplink mode of operation, e.g., requests 
for uplink traffic channel segments that could be assigned to any of a plurality of potential 
wireless terminals currently coupled to the base station, e.g., a terrestrial base station, and 
operating in a multi-tone uplink mode of operation. Uplink traffic channel segment transmission 
termination module 838 controls operations such that the transmitter 804 ceases the transmission 
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"of requesfi'fir'^ segments and/or uplink traffic channel segment signals, 

e.g., uplink traffic channel segments using multiple tones simultaneously and associated with an 
assignment corresponding to a request. For example, in some embodiments, when WT 800 is 
switched to operate in a single tone uplink mode of operation, the WT 800 is assigned a 
dedicated single tone to use for uplink data/information instead of having to request and be 
assigned uplink traffic channel segments as is the case in the uplink multi-tone mode of 
operation, where the uplink traffic channel segments in the uplink multi-tone mode of operation 
could be assigned to different wireless terminals at different times. 

[0090] Data/information 822 includes current uplink mode of operation 844, base 
stations system information 846, BS identifier 848, BS assigned WT identifier 850, user 
device/session/resource information 852, user data 853, data/information for uplink modes of 
operation 854. Current uplink operational mode 844 includes the present state of operation of the 
WT 800 with regard to uplink signaling, e.g., multi-tone uplink mode of operation used with 
terrestrial base stations or single tone uplink mode of operation used with satellite base stations. 
BSs system information 846 includes system information corresponding to each of plurality of 
BSs that WT 800 may use as its point of network attachment. BSs system information 846 may 
include, e.g., type of base station, e.g., satellite or terrestrial, base station identifier information, 
base station sector identifier information, carrier frequency used for uplink signaling, tone block 
used for uplink signaling, tone hopping information used for uplink signals, carrier frequency 
used for downlink signaling, tone block used for downlink signaling, tone hopping information 
used for downlink signals, timing and frequency structure information, OFDM symbol timing 
information including cyclic prefix specifications, grouping of OFDM symbol transmission time 
intervals, e.g., slots, half-slots, superslots, beaconsslots, ultra sots, etc., access interval 
information and protocols, etc. BS identifier 848 includes information identifying which BS is 
being currently used as the WT's point of network attachment, which may be used to correlate 
with a set of information in BSs system information 846. BS assigned WT identifier 850 may be 
an identifier assigned to the WT 800 by the BS being used as a point of network attachment. For 
example, with a satellite BS, the BS identifier 850 maybe used to associate with a single 
dedicated logical tone to be used by the WT 800 for uplink signaling, while with a terrestrial BS, 
the BS assigned WT identifier 850 may be used by the WT 800 to identify itself when sending 
requests for traffic channel segments and when processing assignment signals to identify whether 
an uplink traffic channel segment has been assigned to itself or to some other WT in the system. 
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""' ^ "' [dd^ij''"'' '^s^iivicli'sllsion/resource information 852 includes information about WT 
800, e.g., identification information, WT control information, WT option information, an IP 
address, information about other WTs in a communications session with WT 800, routing 
information, and information pertaining to allocated air link resources to use. User data 853 
includes voice data/information and/or multiplexed packet data/info, e.g., corresponding to 
video, text, audio, etc. User data 853 may include information bits, code bits, blocks of 
information bits and blocks of coded bits. 

[0092] Data/information for uplink modes of operation 854 includes multi-tone mode 
data/information 856 and single tone mode data/information 858. Multi-tone mode 
data/information 856 includes tone information 858 and power control information 860, while 
single tone mode data/information 858 includes tone information 862 and power control 
information 864. 

[0093] Figure 9 is drawing of an exemplary OFDM wireless communications system 
900 implemented in accordance with the present invention and using methods of the present 
invention. Exemplary OFDM wireless communications system 900 includes a plurality of 
terrestrial base station (terrestrial base station 1 922, terrestrial base station N 924) located on 
earth 903 and a plurality of satellite base stations (satellite BS 1 908 located in satellite 902 in 
space 901, satellite BS N 912 located in satellite N 906 in space 901). Exemplary OFDM system 
900 includes a plurality of first type WTs (WT 1 type 1 914, WT N type 1 916) and a plurality of 
second type WTs (WT 1 type 2 918, WT N type 2 920). At least some of the WTs (914, 916, 
918, 920) are mobile nodes which may move throughout the system and attach to different base 
stations at different times depending upon location. WTs (914, 91 6, 91 8, 920) support both 
uplink, WT to BS, and downlink, BS to WT, OFDM signaling. 

[0094] First type WTs (914, 916), transmit uplink signals using a first number of OFDM 
tones when communicating with a terrestrial base station (922, 924) and transmit uplink signals 
using a second number of tones when communicating with a satellite base station (908, 912), the 
second number of tones being smaller than the first number of tones. In some embodiments, the 
second number of tones is one. In some embodiments, multi-tone refers to multiple tones, e.g., 
seven, fourteen, or twenty-eight tones being used simultaneously by a WT, to transmit uplink 
traffic channel segment signals, e.g., including coded user data. In such an exemplary 
embodiment, additional tones may be used simultaneously to transmit control signals. In some 
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emCodimlntl'!' fMofigfiVW'iiay be in an uplink multi-tone mode of operation, e.g., 
communicating with a terrestrial BS, and using multiple tones simultaneously for uplink traffic 
channel signaling of user data, the WT may use a single tone for an access request and a single or 
multiple tones simultaneously for control signaling with respect to the terrestrial base station. 

[0095] Second type WTs (918, 920) support a multi-tone uplink mode of operation but 
do not support a single tone mode of operation, and such WTs can communicate with terrestrial 
BS 918, 920 but cannot communicate with satellite BS 908, 912. 

[0096] Dash lines (926, 928, 930, 932) indicate that type 1 WT 1 914 can communicate 
with (terrestrial BS 1 922, terrestrial BS N 924, satellite BS 1 908, satellite BS N 912) and 
operate in the (multi-tone, multi-tone, single tone, single tone) uplink mode of operation, 
respectively, e.g., with the WT 1 914 using different BS (922, 924, 908, 916) as its point of 
network attachment at different times. Dash lines (934, 936, 938, 940) indicate that type 1 WT N 
916 can communicate with (terrestrial BS 1 922, terrestrial BS N 924, satellite BS 1 908, satellite 
BS N 912) and operate in the (multi-tone, multi-tone, single tone, single tone) uplink mode of 
operation, respectively, e.g., with the WT N 916 using different BS (922, 924, 908, 916) as its 
point of network attachment at different times. 

[0097] Dash lines (942, 944) indicate that type 2 WT 1 9 1 8 can communicate with 
(terrestrial BS 1 922, terrestrial BS N 924) and operate in the (multi-tone, multi-tone) uplink 
mode of operation, respectively, e.g., with the WT 1 918 using different BS (922, 924) as its 
point of network attachment at different times. Dash lines (946, 948) indicate that type 2 WT N 
920 can communicate with (terrestrial BS 1 922, terrestrial BS N 924) and operate in the (multi- 
tone, multi-tone) uplink mode of operation, respectively, e.g., with the WT N 920 using different 
BS (922, 924) as its point of network attachment at different times. 

[0098] Figure 1 0 is a flowchart 1 000 of an exemplary method of operating a wireless 
terminal, e.g., mobile node, in accordance with the present invention. Operation starts in step 
1002, where the WT is powered on, initialized and operated to communicate OFDM uplink 
signals to base stations, e.g., one base station at a time. For example, the wireless terminal may 
receive a downlink broadcast signal, e.g., a beacon signal or signals from a base station or a 
plurality of base stations and decide that it wishes to use a particular BS as its point of network 
attachment. For example, in some embodiments, assuming that a set of at least one terrestrial BS 
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^ "" b ietennmeSto be acctplaHe for use as a point of network attachment, the terrestrial BS from 
the set corresponding to the strongest received beacon signal may be selected by the WT to be 
used as the attachment point; however, if no terrestrial base stations are available, the WT may 
then use a satellite base station if the satellite BS is acceptable. Operation proceeds from step 
1002 to step 1004. 

[0099] In step 1004, the wireless terminal determines if the distance between the WT 
and the base station that it wishes to use as its point of network attachment exceeds lOOmi. In 
some embodiments, some BSs, e.g., satellite base stations in geo-stationary orbit, may be known 
by the WT to be always at least 100 mi away from the WT. In some embodiments, some base 
stations may be more or less than 100 mi from the WT depending upon WT position, BS 
position, date and/or time of day. 

[00100] Assuming that the base station was a base station which was more than 1 00 mi 
away from the WT, e.g., a satellite base station, operation proceeds from step 1004 to step 1006; 
otherwise operation proceeds from step 1004 to step 1008. 

[00101] In step 1 006, the WT determines an uplink carrier frequency corresponding to 
the base station from within a frequency band, e.g., a carrier frequency and associated tone block 
within a 1 500MHz frequency band, the band including frequencies in the range of 1 500MHz to 
1599MHz. Operation proceeds from step 1006 to step 1010. In step 1010, the WT is operated to' 
determine one logical tone dedicated by the base station to the WT for the WT to use for uplink 
signaling to the exclusion of other WTs. Operation proceeds from step 1010 to step 1012. In 
step 1012, the WT is operated to determine the physical tone corresponding to the logical tone in 
accordance with a pre-determined hopping sequence. Operation proceeds from step 1012 to step 
1014. In step 1 014, the wireless terminal is operated to transmit uplink signals using at most one 
tone at time. Step 1014 includes operation of sub-step 1016 and sub-step 1018. In sub-step 
1016, the WT is operated to include a cyclic prefix with an OFDM symbol, e.g., a cyclic prefix 
for each OFDM symbol transmitted in the uplink, where a cyclic prefix time duration is less than 
the maximum round trip propagation delay between the WT and the BS. In sub-step 1018, the 
WT is operated to constrain the peak power to a first level and transmit using a first average 
power. 
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^ (0<Hoif' Sl '''"ik'ssumffig thaifthe base station was a base station which was 1 00 mi or less away 
from the WT, operation proceeds from step 1004 to step 1008. For example, the base station 
could be a terrestrial base station with a cellular coverage area having a radius of approximately 
25 mi, 5 mi, 2 mi, or 1 mi, and the WT could be currently within that coverage area. 

[00103] In step 1008, the WT determines an uplink carrier frequency corresponding to the 
base station from within a frequency band, e.g., a carrier frequency and associated tone block 
within a 1500MHz frequency band, the band including frequencies in the range of 1500MHz to 
1599MHz. In some embodiments, the terrestrial base station corresponding to step 1008 and the 
satellite base station corresponding to step 1006 use the same frequency band, but different non- 
overlapping carrier frequencies and tone blocks. Operation proceeds from step 1008 to step 
1020. 



[00104] In step 1020, the WT is operated to determine logical tones assigned, e.g., 
temporarily to a WT for uplink signaling. For example, the WT may have requested an uplink 
traffic channel segment, and has been assigned temporarily, e.g., for one corresponding iteration 
in the uplink timing structure an uplink traffic channel segment having a certain index number in 
the uplink timing structure, the uplink traffic channel segment using multiple, e.g., 7, 14 or 28 
tones simultaneously. Operation proceeds from step 1020 to step 1022. 

[00105] In step 1 022 the WT is operated to determine physical tones corresponding to 
logical tones in accordance with a pre-determined hopping sequence. In some embodiments, the 
determined uplink tone hopping sequence is a function of a base station identifier value. In some 
embodiments, the same hopping sequence equation, which is a function of a base station 
identifier value, is used when determining uplink tone hopping for both single uplink tone 
operations, e.g., with satellite base stations, and multi-uplink tone operations, e.g., with nearby 
terrestrial base stations. Operation proceeds from step 1022 to step 1024. 

[00106] In step 1 024 the wireless terminal is operated to transmit uplink signals to 
communicate with a terrestrial base station using multiple tones simultaneously for uplink 
communications. The operation of step 1024 includes the operation of sub-step 1026. In sub- 
step 1026, the wireless terminal is operated to constrain peak power to the first peak power level 
and to transmit using a second average power, the second average power being lower than the 
first average power. 
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[00107] Figure 1 1 comprising the combination of Figure 1 1 A and Figure 1 IB is a 
flowchart 1 1 00 of an exemplary method of operating a wireless terminal in accordance with the 
present invention. The wireless terminal may be, e.g., the exemplary wireless terminal 400 of 
Figure 3 or the exemplary wireless terminal 800 of Figure 8. The exemplary method of 
operating the wireless terminal, e.g., mobile node, starts in step 1 102, where the wireless terminal 
is powered on and initialized. In step 1 102 the wireless terminal may decide to use a particular 
base station as its point of network attachment, e.g., as part of an initial access following power 
on, following a change of wireless terminal state such as sleep to active, or as part of a handoff 
operation between different points of network attachment, e.g., between different base stations. 
Operational proceeds from step 1 102 to step 1 104. 

[00108] In step 1 1 04, the wireless terminal decides which operational uplink mode should 
be used, a first mode of operation or a second mode of operation. For example, in the first mode 
of operation, during a first period of time including a first plurality of consecutive OFDM symbol 
transmission time periods, the wireless terminal is operated to use multiple OFDM tones 
simultaneously to transmit at least some user data in a first uplink signal to a first base station, 
the first signal having a first peak to average power ratio; in the second mode of operation, 
during a second period of time including a second plurality of OFDM symbol transmission time 
periods the wireless terminal is operated to use at most one OFDM tone to transmit at least some 
user data in a second signal to a second base station, the second signal having a peak to average 
power ratio which is different from the first peak power ratio. In some embodiments, the second 
peak to average power ratio is lower than the first peak to average power ratio, e.g., at least 4dB 
lower. In some embodiments, the mode selection is a function of the distance between the base 
station of interest and the wireless terminal. For example, in some embodiments, the second base 
station is during said second period of time at least 3 times further away from the wireless 
terminal than the first base station is during the first period of time. In some embodiments, the 
second base station is at least a distance away from the wireless terminal during the second 
period of time such that a signal round trip time between the wireless terminal and base station 
exceeds a symbol transmission time period, said symbol transmission time period including an 
amount of time used to transmit one OFDM symbol and a corresponding cyclic prefix. In some 
embodiments, the first base station is a terrestrial base station and the second base station is a 
satellite base station. In some embodiments, each of a plurality of potential base stations which 
the WT may access are identified with an uplink mode of operation. For example terrestrial type 
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^al/sMSi l y&/li : ffifflSwi11i the first mode of operation, while satellite type base stations 
may be identified with the second mode of operation. 

[00109] If the wireless terminal determines that the operational mode should be the first 
mode operation proceeds from step 1 1 04 to steps 1 1 06, 1 1 08, and 1 1 1 0. If the wireless terminal 
determines that the operational mode should be the second mode, operation proceeds to 
connecting node A 1 1 12. 

[00110] In step 1 1 06, the WT selects between a plurality of coding rates which can be 
used to code user data for transmission during a first period of time. In some embodiments, the 
first base station has selected the uplink coding rate, from among a plurality of coding rates, for 
the wireless terminal to use and the WT implements the base station selection in step 1 106. 
Then, in step 1 1 14, the WT codes at least some user data to be transmitted during the first period 
of time in a code block separate from a code block used to communicate control information 
during the first period of time. Operation proceeds from step 1 1 14 to step 1116. In step 1116, 
the WT is operated to select one of a plurality of supported modulation methods to be used in 
transmitting at least some user data during at least a portion if said first period of time. In some 
embodiments, the first base station selects the modulation method for the wireless terminal to 
use, from among a plurality of modulation methods and the wireless terminal implements the 
selection in step 1116. In some embodiments, the WT supports different modulation methods 
including QAM 4 and QAM 16 in the first uplink mode of operation. Then, in step 1118, the 
WT is operated to map coded bits to modulation symbol values. 

[00111] Returning to step 1 108, in step 1 108 the wireless terminal is operated during said 
first mode of operation to receive at least one traffic channel uplink segment assignment signal 
from said first base station. Operation proceeds from step 1 108 to step 1 120. In step 1 120, the 
WT determines which tones are to be used as some of said multiple OFDM tones during said 
first period of time from said at least one traffic channel segment assignment signal, e.g., in 
combination with known timing and frequency structure information corresponding to said first 
base station. Operation proceeds from step 1 120 to step 1 122. In step 1 122, the wireless 
terminal is operated to hop during said first period of time the multiple OFDM tones used to 
simultaneously transmit at least some user data during the first period of time at a first rate. In 
some embodiments, said first rate is a multiple of a symbol transmission time period, said 
hopping rate resulting in the same physical tones being used for a plurality of consecutive 
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"symboi' l bari'smiss^ periods in said first time period, e.g., seven consecutive symbol 

transmission time periods. 

[001 12] Operation proceeds from steps 1 1 1 8 and 1 1 22 to step 1 1 24. In step 1 1 24, the 
wireless terminal is operated to associate modulation symbol values from step 1118 with hopped 
tones from step 1 122. Operation proceeds from step 1 124 to step 1 126. In step 1 126, during the 
first period of time including a plurality of consecutive OFDM symbol transmission time periods 
the wireless terminal is operated to simultaneously transmit at least some user data in a first 
uplink signal to the first base station, the first uplink signal having a first peak to average power. 
In some embodiments, transmitting at least some user data during said first period of time 
includes transmitting user data at a rate of at least 4.8Kbits/sec. In some embodiments, during 
the first mode of operation, the wireless terminal uses at least one tone having a fixed one to one 
association with a base station assigned wireless terminal identifier assigned by said first base 
station for transmission of control signals to said first base station. 

[00113] Returning to step 1110, during step 1110, the wireless terminal is operated during 
said first period of time to receive user data from said first base station. Operation proceeds from 
step 1 1 10 to step 1 128. In step 1 128, the wireless terminal is operated to transmit 
acknowledgements to the first base station according to a first predetermined acknowledgement 
scheme. 

[001 14] In step 1 1 04, if the WT determined that the operation uplink mode should be the 
second mode then operation proceeds via connecting node A 1 1 12 to step 1130 or 1132, step 
1133, and step 1134. Instep 1130, the WT codes user data and control data into separate coded 
blocks to be transmitted during the second period of time. Following the alternative path, in step 
1 132, the wireless terminal multiplexes user data to be transmitted during the second period of 
time with control data which is also to be transmitted during the second period of time. 
Operation proceeds from step 1 1 32 to step 1136. In step 1 1 3 6, the wireless terminal codes the 
multiplexed control and user data of step 1 132 into a single code block. 

[00115] In some embodiments, the wireless terminal codes data at single coding rate for 
transmission during the second period of time, the single coding rate being equal to or lower than 
the lowest coding rate in said plurality of coding rates which can be used to code user data for 
transmission during said first period of time. 
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[00116] Operation proceeds from either step 1 130 or step 1 136 to step 1138. In step 
1138, the wireless terminal uses a single supported modulation method, e.g., QPSK, during the 
second period of time. Operation proceeds from step 1 138 to step 1 140. Instep 1 140, the 
wireless terminal is operated to map code block bits to modulation symbol values. 

[00117] In step 1 133, the wireless terminal is operated to determine the single tone used 
during said second mode of operation from a wireless terminal identifier assignment without the 
use of a traffic channel uplink segment assignment signal. For example, when a wireless 
terminal registers with the second base station, e.g., a satellite base station, the wireless terminal 
may be assigned an active user identifier value, and each active user identifier value may be 
associated with a different logical uplink tone in the uplink timing and frequency structure used 
by the base station. In some embodiments, the single tone used during said second mode of 
operation occupies a position in a logical uplink transmission timing structure which is dedicated 
during the first mode of operation to a dedicated control channel used during said first period of 
time exclusively for control signaling. In some embodiments the single tone used during the 
second mode of operation has a fixed one to one association with a base station assigned wireless 
terminal identifier, while during the first mode of operation, said tones used to transmit user data 
do not have a fixed one to one association with a base station assigned wireless terminal 
identifier. Operation proceeds from step 1 133 to step 1 142. In step 1 142, the wireless terminal 
is operated to hop during the second period of time the single OFDM tone used to transmit at 
least some user data during the second period of time at the first rate. In some embodiments, said 
first rate is a multiple of a symbol transmission time period, said hopping rate resulting in the 
same physical tones being used for a plurality of consecutive symbol transmission time periods 
in said second time period, e.g., seven consecutive symbol transmission time periods. 

[00118] Operation proceeds from step 1 140 and step 1 142 to step 1 144. In step 1 144 the 
wireless terminal is operated to associate modulation symbol values with hopped tones. 
Operation proceeds from step 1 144 to step 1 146. In step 1 146, the wireless terminal is operated 
during the second period of time including a second plurality of consecutive OFDM symbol 
transmission time periods to simultaneously transmit at least some user data in a second uplink 
signal to the second base station, the second signal having a second peak to average power which 
is different than the first peak to average power. In some embodiments, transmitting at least 
some user data during said second period of time includes transmitter user data at a rate of at 
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, some embodiments where user data and control 
data are coded into separate blocks in the second mode of operation, the single tone is allowed to 
go unused and no signal is transmitted on said single tone during periods of time dedicated to the 
transmission of user data when there is no user data to be transmitted. In some embodiments, the 
step of transmitting during said first period of time 1 126 and the step of transmitting during the 
second period of time 1 146 include using an omni-directional antenna to transmit signals to first 
and second base stations. 

[00119] Returning to step 1 1 34, in step 1 1 34, the wireless terminal is operated during the 
second period of time to receive user data from the second base station without 
acknowledgement of said user data. Operation proceeds from step 1 134 to step 1 148. In step 
1 148, the wireless terminal is operated to check if there was an error detected in the received 
downlink user data of step 1 134. If an error was detected, operation proceeds to step 1 150 where 
the wireless terminal is operated to request retransmission of user data. In some embodiments, 
the decision as to whether or not to perform step 1 150 is further qualified, e.g., by the importance 
of the data, the level of service of the wireless terminal, and/or time staleness consideration of the 
data. 

[00120] The techniques of the present invention may be implemented using software, 
hardware and/or a combination of software and hardware. The present invention is directed to 
apparatus, e.g., mobile nodes such as mobile terminals, base stations, communications system 
which implement the present invention. It is also directed to methods, e.g., method of controlling 
and/or operating mobile nodes, base stations and/or communications systems, e.g., hosts, in 
accordance with the present invention. The present invention is also directed to machine 
readable medium, e.g., ROM, RAM, CDs, hard discs, etc., which include machine readable 
instructions for controlling a machine to implement one or more steps in accordance with the 
present invention. 

[00121] In various embodiments nodes described herein are implemented using one or 
more modules to perform the steps corresponding to one or more methods of the present 
invention, for example, signal processing, message generation and/or transmission steps. Thus, 
in some embodiments various features of the present invention are implemented using modules. 
Such modules may be implemented using software, hardware or a combination of software and 
hardware. Many of the above described methods or method steps can be implemented using 
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such as software, included in a machine readable medium such 
as a memory device, e.g., RAM, floppy disk, etc. to control a machine, e.g., general purpose 
computer with or without additional hardware, to implement all or portions of the above 
described methods, e.g., in one or more nodes. Accordingly, among other things, the present 
invention is directed to a machine-readable medium including machine executable instructions 
for causing a machine, e.g., processor and associated hardware, to perform one or more of the 
steps of the above-described method(s). 

[00122] While described in the context of an OFDM system, at least some of the methods 
and apparatus of the present invention, are applicable to a wide range of communications 
systems including many non-OFDM and/or non-cellular systems. 

[00123] Numerous additional variations on the methods and apparatus of the present 
invention described above will be apparent to those skilled in the art in view of the above 
description of the invention. Such variations are to be considered within the scope of the 
invention. In some embodiments the base stations server as access nodes which establish 
communications links with mobile nodes (WTs) using OFDM signals. In various embodiments 
the WTs are implemented as cell phones, notebook computers, personal data assistants (PDAs), 
or other portable devices including receiver/transmitter circuits and logic and/or routines, for 
implementing the methods of the present invention. 
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1 1 . A method of operating a wireless terminal, comprising: 

2 during a first period of time including a first plurality of consecutive OFDM symbol 

3 transmission time periods, operating in a first mode of operation during which multiple OFDM 

4 tones are used simultaneously to transmit at least some user data in a first uplink signal to a first 

5 base station, the first signal having a first peak to average power ratio; and 

6 during a second period of time, including a second plurality of consecutive OFDM 

7 symbol transmission time periods, operating in a second mode of operation during which at most 

8 one OFDM tone is used to transmit at least some user data in a second signal to a second base 

9 station, the second signal having a second peak to average power ratio which is different from 
1 0 said first peak to average power ratio. 

1 2. The method of claim 1 , wherein the second base station is during said second period of 

2 time, at least 3 times further away from the wireless terminal than the first base station is from 

3 the wireless terminal during said first period of time. 

1 3 . The method of claim 2, wherein the second base station is at least a distance away from 

2 the wireless terminal during said second period of time such that a signal trip time between said 

3 WT and BS exceeds a symbol transmission time period, said symbol transmission time period 

4 including an amount of time used to transmit one OFDM symbol and a corresponding cyclic 

5 prefix. 
6 

1 4. The method of claim 1 , where said second peak to average power ratio is lower than said 

2 first peak to average power ratio. 

1 5. The method of claim 4, wherein said second peak to average power ratio is at least 4 db 

2 lower than said first peak to average power ratio. 

1 6. The method of claim 4, further comprising: 

2 wherein said first base station is a terrestrial base station and said second base station is a 

3 satellite base station. 
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^•'wherein transmitting at least some user data during said first 

2 period of time includes transmitting user data at a rate of at least 4.8 Kbits/sec; and 

3 wherein transmitting at least some user data during said second period of time includes 

4 transmitting user data at a rate of at least 4.8 Kbits/sec. 

1 8. The method of claim 4, further comprising: 

2 receiving user data from the first base station during said first period of time; 

3 transmitting acknowledgements to the first base station according to a first 

4 predetermined acknowledgement scheme; and 

5 receiving user data from the second base station during said second period of time 

6 without acknowledging receipt of said user data. 

1 9. The method of claim 8, further comprising: 

2 during said second period of time, requesting retransmission of user data in response to 

3 detection of an error in the received user data. 

1 10. The method of claim 4, further comprising: 

2 during said first mode of operation, prior to transmission of said user data during said 

3 first period of time, coding at least some of said user data to be transmitted during said first 

4 period of time in a code block separate from a code block used to communicate control 

5 information during said first period of time; 

6 during said second mode of operation, prior to transmission of said user data during said 

7 second period of time, multiplexing the user data to be transmitted during said second period of 

8 time with control data which is also to be transmitted during said second period of time; and 

9 coding said multiplexed control and user data in a single code block. 

1 11. The method of claim 4, further comprising: 

2 hopping, during said first period of time, the multiple OFDM tones used simultaneously 

3 to transmit at least some user data during said first period of time at a first rate; and 

4 hopping, during said second period of time, the single OFDM tone used to transmit at 

5 least some user data during said second period of time at said first rate. 

1 12. The method of claim 1 1, wherein said first rate is a rate which is a multiple of a symbol 

2 transmission time period, said hopping rate resulting in the same physical tones being used for a 
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transmission time periods in each of said first and second time 

4 period. 

1 13. The method of claim 2, wherein said single tone used during said second mode of 

2 operation occupies a position in a logical uplink transmission timing structure which is dedicated 

3 during said first mode of operation to a dedicated control channel used during said first period of 

4 time exclusively for control signaling. 

1 1 4. The method of claim 2, wherein said single tone used during said second mode of 

2 operation has a fixed one to one association with a base station assigned wireless terminal 

3 identifier; and 

4 wherein during said first mode of operation, said tones used to transmit user data do not 

5 have a fixed one to one association with a base station assigned wireless terminal identifier. 

1 15. The method of claim 14, wherein during said first mode of operation, said wireless 

2 terminal uses at least one tone having a fixed one to one association with a base station assigned 

3 wireless terminal identifier assigned by said first base station for transmission of control signals 

4 to said first base station. 

1 16. The method of claim 1 5, further comprising: 

2 during said first mode of operation, receiving at least one traffic channel uplink segment 

3 assignment signal from said first base station; 

4 determining which tones are to be used as some of said multiple OFDM tones used 

5 during said first period of time from said at least one traffic channel uplink segment assignment 

6 signal; and 

7 determining said single tone used during said second mode of operation from a wireless 

8 terminal identifier assignment, without the use of a traffic channel uplink segment assignment 

9 signal. 

1 17. The method of claim 1, further comprising: 

2 coding user data and control data into separate coded blocks during said second period of 

3 time; and 

4 using the same single tone used to transmit coded blocks of user data to transmit coded 

5 blocks of control data. 
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2 is allowed to go unused and no signal is transmitted on said single tone during periods of time 

3 dedicated to the transmission of user data when there is no user data to be transmitted. 

1 19. The method of claim 1 , wherein said step of transmitting during said first and second 

2 periods of time includes using an omni-directional antenna to transmit said signals to said first 

3 and second base stations. 

1 20. The method of claim 1, further comprising: 

2 selecting one of a plurality of supported different modulation methods to be used in 

3 transmitting said at least some user data during at least a portion of said first period of time; and 

4 using a single supported modulation method during said second period of time. 

1 21. The method of claim 20, wherein said supported different modulation methods include 

2 QAM 4 and QAM 1 6 modulation and wherein said single supported modulation method is a 

3 QPSK modulation method. 

1 22. The method of claim 21 , further comprising: 

2 selecting between a plurality of coding rates which can be used to code user data for 

3 transmission during said first period of time; 

4 and coding data at a single coding rate for transmission during said second period of 

5 time, the single coding rate being equal to or lower than the lowest coding rate in said plurality 

6 of coding rates which can be used to code user data for transmission during said first period of 

7 time. 

1 23. An OFDM communications method, the method comprising: 

2 operating a wireless terminal in a first, multi-tone OFDM uplink mode of operation, in 

3 which the wireless terminal uses multiple OFDM tones at the same time to transmit signals to a 

4 first base station; and 

5 operating a wireless terminal in a second, single tone OFDM uplink mode of operation, 

6 in which the wireless terminal uses a single OFDM tone to transmit signals to a second base 

7 station, said second base station having a minimum possible physical distance from said wireless 

8 terminal which is greater than the minimum possible physical distance which can occur between 

9 said wireless terminal and said first base station. 
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2 multi-tone OFDM uplink mode of operation includes transmitting signals during a first period of 

3 time using a first peak to average power ratio; and 

4 wherein transmitting during said multi-tone OFDM uplink mode of operation includes 

5 transmitting signals during a second period of time having the same duration as said first period 

6 of time using a second peak to average power ratio, the second peak to average power ratio 

7 being at least 4 dB smaller than the first peak to average power ratio. 

1 25. The OFDM communications method of claim 23, wherein said second base station is a 

2 satellite base station and said first base station is a terrestrial base station, the method further 

3 comprising: 

4 switching from the first mode of operation to the second mode of operation when a 

5 handoff occurs from said first base station to said second base station. 

1 26. The OFDM communications method of claim 25, wherein switching between the first 

2 and second modes of operation includes ceasing to send acknowledgements in response to 

3 received user data. 

1 27. The OFDM communications method of claim 25, wherein switching between the first 

2 and second modes of operation includes reducing the frequency of uplink control signals which 

3 are transmitted from the wireless terminal. 

1 28. The OFDM communications method of claim 27, wherein switching between the first 

2 and second modes of operation includes ceasing to transmit requests for traffic channel segment 

3 assignments, 

1 29. A communications method, comprising: 

2 operating a wireless terminal to transmit OFDM signals to a first base station, where the 

3 distance between the wireless terminal and base station exceeds 100 miles; and 

4 wherein a cyclic prefix transmitted with an OFDM symbol to the base station is less than 

5 the maximum round trip propagation delay between the wireless terminal and the base station. 

1 30. The method of claim 29 wherein the wireless terminal transmits to said base station 

2 using at most 1 tone at a time. 
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, wherein said at most one tone is a logical tone dedicated to said 

2 wireless terminal by said base station for use in uplink signaling to the exclusion of use by other 

3 wireless terminals. 



1 32. The method of claim 3 1 , wherein said one logical tone corresponds to a physical tone 

2 which is determined over time according to a predetermined hopping sequence. 

1 33. The method of claim 29, further comprising operating the wireless terminal to 

2 communicate with a terrestrial base station using multiple OFDM tones simultaneously for 

3 uplink communications to the terrestrial base station. 

1 34. The method of claim 33, further comprising: 

2 using the same peak power constraint used for transmitting to the first base station for 

3 transmitting to the terrestrial base station but using a higher average power for transmitting 

4 signals to the first base station than is used for transmitting signals to the terrestrial base station. 

1 35. The method of claim 34, wherein the first base station is a satellite base station, the 

2 method further comprising: 

3 using the same frequency band for communications to the satellite base station and the 

4 terrestrial base station but different non-overlapping carrier frequencies for the terrestrial and 

5 satellite base stations. 



1 36. The method of claim 35, wherein said same frequency band is a 1 500 MHz frequency 

2 band, the band including frequencies in the range of 1 500 to 1 599 MHz. 

1 37. A wireless communications terminal comprising: 

2 control means for controlling switching between a first multi-tone OFDM uplink mode 

3 of operation in which the wireless terminal uses multiple OFDM tones at the same time to 

4 transmit signals to a base station, and a second single tone OFDM uplink mode of operation; 

5 means for transmitting user data using a single OFDM tone during said single tone 

6 uplink mode of operation; and 

7 means for transmitting user data using multiple OFDM tones at the same time in said 

8 multi-tone uplink mode of operation. 
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2 a power transmission control module for controlling transmission power during said 

3 single tone uplink mode of operation to maintain an average peak to average power ratio which 

4 is at least 4 dB lower than a peak to average power ratio maintained during said multi-tone 

5 uplink mode of operation. 

1 39. The wireless terminal of claim 37, wherein said control module includes means for 

2 switching from multi-tone uplink mode of operation to said single tone uplink mode of operation 

3 when said wireless terminal switches from communicating with a terrestrial base station to a 

4 satellite base station. 

1 40. The wireless terminal of claim 39, wherein wireless terminal includes an omni- 

2 directional antenna coupled to said means for transmitting user data using a single OFDM tone 

3 during said single tone uplink mode of operation. 

1 41 . The wireless terminal of claim 40, wherein the wireless terminal includes means for 

2 reducing the frequency of uplink control signals which are transmitted from the wireless 

3 terminal when operation switches from said multi-tone uplink mode of operation to said single 

4 tone uplink mode of operation. 

1 42. The wireless terminal of claim 41, 

2 wherein said user data includes at least some voice or text data; and 

3 wherein the wireless terminal includes: 

4 means for transmitting requests for uplink traffic channel segments 

5 during said multi-tone uplink mode of operation; and 

6 means for ceasing the transmission of uplink traffic channel segments 

7 when said mode of operation is switched from said multi-tone mode of operation 

8 to said single tone mode of operation. 

1 43. An OFDM communications system, the system comprising: 

2 a plurality of terrestrial base stations; 

3 at least one satellite base station; and 

4 a wireless terminal of a first type which transmits uplink signals using a first number of 

5 OFDM tones when communicating with a terrestrial base station and transmits uplink signals 
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|" """'using a' leconf num^er 'of'ton^s when communicating with a satellite base station, the second 

7 number of tones being smaller than said first number of tones. 

1 44. The OFDM communications system of claim 43, further comprising: 

2 a plurality of wireless terminals of a second type which only support a multi-tone uplink 

3 mode of operation. 

1 45. The OFDM communications system of claim 44, wherein said second number of tones is 

2 one. 

1 46. The OFDM communications system of claim 44, further comprising additional wireless 

2 terminals of said first type and wherein said wireless terminals of said second type are limited to 

3 being able to communicate with terrestrial base stations while wireless terminals of the first type 

4 can communicate with both terrestrial base stations and satellite base stations using OFDM 

5 signals in both the uplink and downlink. 



-48- 



WO 2006/138196 



PCT7US2006/022702 



1/13 



REMOTE, E.G., 

SATELLITE, 
BASE STATION 



~7T 

/ \ 



114 / 

Y 



\ 116 
\ 

\ 

\ 



jLzl 06 



MN1 




,110 112^' 



NEARBY, E.G., 
TERRESTRIAL, 
BASE STATION 



FIGURE 1 



WO 2006/138196 



PCT/US2006/022702 



2/13 



200 



BASE STATION -ACCESS NODE, E.G., 
TERRESTRIAL BASED BS 



RECEIVER 
__JJ4 



TRANSMITTER 
216 



| ENCODER | 



COMMUNICATIONS 
ROUTINES 



BASE STATION 
CONTROL ROUTINE 
/ 2 " 



SCHEDULER 
MODULE 



DOWNLINK 
CONTROL 
MODULES 



UL MULTI-TONE 
USER CONTROL 
MODULES 



DATA/INFORMATION 



USER DATA/INFO 



USER 1/MN 
SESSION A 
SESSION B 



USER N/MN 
SESSION X 



SYSTEM DATA/INFO 244 

MULTI-TONE UL USER 
FREQUENCY/TIMING/ 
POWER/CODING/TONE 
HOPPING/STRUCTURE 
INFORMATION 



TO OTHER NETWORK 
NODES/INTERNET 



FIGURE 2 



WO 2006/138196 



PCT7US2006/022702 



3/13 



BASE STATION -ACCESS NODE, 
E.G., SATELLITE BASED BS 



RECEIVER 
J3j2 



TRANSMITTER 

314 
| ENCODER \ 



COMMUNICATIONS 
ROUTINES 



BASE STATION 
CONTROL ROUTINE 



SCHEDULER 
MODULE 



DOWNLINK 
CONTROL 
MODULES 



SINGLE UL TONE 
USER CONTROL 
MODULES 

NETWORK |3* 
MODULE 



DATA/INFORMATION 



USER DATA/INFO 



USER 1/MN 
SESSION A 
SESSION B 



USER N/MN 
SESSION X 



r 342 



SYSTEM DATA/INFO 344 

SINGLE-TONE UL USER 
FREQUENCY/TIMING/ 
POWER/CODING/TONE 
HOPPING/STRUCTURE 
INFORMATION 



FIGURE 2A 



WO 2006/138196 



PCT/US2006/022702 



4/13 




UJOg 



115 



S3| 

li 



si 



O a: z 




d LJLJ 

■u _r z 
ui < y 

^ a: O 



I s 1 




/ 



WO 2006/138196 



PCT/US2006/022702 



5/13 



CONTROL DATA 
INFO BITS 



MULTI PLEXED / ■ 
PACKET USER DATA 



USER DATA 
INFO BITS 



UPLINK BLOCK 
ENCODING 
MODULE 



FIGURE 4 



WO 2006/138196 



PCT/US2006/022702 



6/13 




WO 2006/138196 



PCT/US2006/022702 



7/13 




C 

o 



WO 2006/138196 



PCT/US2006/022702 



8/13 



START METHOD OF OPERATING A WIRELESS 
TERMINAL, E.G., MOBILE NODE 




1204 SATELLITE 





, ' / 1208 


' SET OPERATING MODE TO A SECOND 
OPERATING MODE, E.G., -ONE TONE UPLINK 
MODE 



DETERMINE DEDICATED CONTROL 
CHANNEL LOGICAL TONE FROM 
WT USER ID 



DETERMINE PHYSICAL TONE 
CORRESPONDING TO 
LOGICAL TONE TO USE 
BASED ON TONE HOPPING 
INFORMATION 




TRANSMIT UPLINK CONTROL 
CHANNEL SIGNALS USING 
DEDICATED CONTROL 
CHANNEL TONE 



RECEIVE UPLINK TRAFFIC 
CHANNEL SEGMENT 
ASSIGNMENT 



RECEIVE DOWLINK 
TRAFFIC CHANNEL DATA 
SEGMENTS FROM BS 



CODE USER DATA FOR 
ASSIGNED UPLINK L.1232 
TRAFFIC CHANNNEL 
SEGMENT 



RECEIVE A BS ASSIGNED WT USER 
1 i 



.1240 
.1244 



DETERMINE THE SINGLE UPLINK LOGICAL TONE TO 
USE FOR BOTH CONTROL DATA AND USER DATA 
FROM WT USER ID 



J 248 a, _ ^250 

MULTIPLEX USER DATA AND I I 1 
CONTROL DATA CODE USER DATA | 

19 c 9 I 1 I AND CONTROL DATA . 

T , I INDEPENDENT ' 

CODE .IN A SINGLE BLOCK | j BLOCKS | 



,1254 



DETERMINE PHYSICAL 
TONE TO USE BASED 

TONE HOPPING 
INFORMATION AND 
DETERMINED LOGICAL 
TONE 



x 1256 \ 



"_1T 



J 

.1258 



TRANSMIT CODED 
BLOCK OF COMBINED 
USER DATA AND 
CONTROL DATA TO 
BASE STATION USING 
DETERMINED PHYSICAL 
TONE 



| ^1236 

DETERMINE PHYSICAL TONES, 
CORRESPONDING TO LOGICAL 



RECEIVE DOWLINK 
TRAFFIC CHANNEL DATA 
SEGMENTS FROM BS 



FIGURE 7 



TRANSMIT USER DATA TO 
BASE STATION USING 
DETERMINED PHYSICAL 
TONES 



| TONE HOPPiNG 
■ INFORMATION AND 
I DETERMINED LOGICAL \ 

j 

_ _ Jf ~1260 

I TRANSMIT CODED 
I BLOCKS OF USER DATA! 
'AND CODED BLOCKS OF I 
I CONTROL DATA TO 
I BASE STATION USING ' 
1 DETERMINED PHYSICAL I 
I TONE, AND ALLOWING I 
I SINGLE TONE TO GO 
1 USED DURING TIMES I 
I DEDICATED TO USER I 
I DATA, WHERE THERE IS , 
1 NO USER DATA TO Bl 
| TRANSMITTED 



REQUEST RETRANSMISSION 
OF USER DATA IN RESPONSE 
TO DETECTION OF AN ERROR 



WO 2006/138196 



PCT/US2006/022702 



9/13 



CD 1- 

< S 



--, QL z 

08° 

>; w !< 

"II 



o \ 

2^ 



AUNG 
CY ^ 
ODULE 


\ 


\ 


1 ^ 1 










ODULE 


£22 




LINKTRA 
CHANNE 
REQUES 
MODULE 




LINKTRA 
CHANNE 
SEGMEN 
vANSMISE 
ERMlNATi 
MODULE 


|1| 
a. z o; 


Q- O 
ZD O 




UP 




ZD 1- 


Tl 
COI 



SWITCHING 
CONTROL MODULE 
^ 842 






TERRESTRIAL/ 
SATELLITE 
SWITCHING 
MODULE 


SINGLE TONE 

MODE 
TRANSMISSION - 
CONTROL 
MODULE 



=§ £ = 

S !- Q 



§ 5 \ 



5 1> 





O 




ESS 




o 







/ 



WO 2006/138196 



PCT/US2006/022702 



10/13 




WO 2006/138196 



PCT/US2006/022702 



11/13 



0 



START METHOD OF OPERATING A WIRELESS 
TERMINAL TO COMUNICATE OFDM UPLINK 
SIGNALS TO BASE STATIONS 




DETERMINE AN UPLINK 
CARRIER FREQUENCY 
CORRESONDING TO THE 
BS FROM WITHIN A 
FREQUENCY BAND 



1006 
/ 



DETERMINE AN UPLINK 
CARRIER FREQUENCY 
CORRESONDING TO THE 
BS FROM WITHIN THE 
FREQUENCY BAND 



1008 
/ 



DETERMINE ONE LOGICAL 
TONE DEDICATED BY BS 
TO WT TO USE FOR 
UPLINK SIGNALING TO 
THE EXCLUSION OF 
OTHER WTs 



1010 

v 



DETERMINE LOGICAL 
TONES ASSIGNED, E.G., 
TEMPORARILY, TO WT 
FOR UPLINK SIGNALING 



DETERMINE PHYSICAL 
TONE CORRESPONDING 
TO LOGICAL TONE IN 
ACCORDANCE WITH A 

PRE-DETERMINED 
HOPPING SEQUENCE 



1012 
/ 



DETERMINE PHYSICAL 
TONES CORRESPONDING 
TO LOGICAL TONES IN 
ACCORDANCE WITH A 

PRE-DETERMINED 
HOPPING SEQUENCE 



TRANSMIT UPLINK SIGNALS USING AT 
MOST ONE TONE AT A TIME 

1016 

/ 



1014 

y 



INCLUDE CYCLIC PREFIX WITH 
OFDM SYMBOL, WHERE CYCLIC 
PREFIX TIME DURATION IS LESS 

THAN MAXIMUM ROUND TRIP 
PROPOSGATION DELAY BETWEEN 
WTANDBS 



1018 
/ 



CONSTRAIN PEAK POWER TO A 
FIRST LEVEL AND TRANSMIT USING 
A FIRST AVERAGE POWER 



1024 



TRANSMIT UPLINK SIGNALS TO COMMUNICATE 
WITH A TERRESTRIAL BASE STATION USING 
MULTIPLE TONES SIMULTANEOUSLY FOR 
UPLINK COMMUNICATIONS 

1026 

^ 



CONSTRAIN PEAK POWER TO THE 
FIRST LEVEL AND TRANSMIT USING 

A SECOND AVERAGE POWER 
LOWER THAN SAID FIRST AVERAGE 
POWER 



FIGURE 10 



WO 2006/138196 



PCT/US2006/022702 



12/13 




1106 | 

SELECT BETWEEN A PLURALITY 
OF CODING RATES WHICH CAN 
BE USED TO CODE USER DATA 
FOR TRANSMISSION DURING A 
FIRST PERIOD OF TIME 

CODE AT LEAST SOME USER 
DATA TO BE TRANSMITTED 
DURING THE FIRST PERIOD OF 
TIME IN A CODE BLOCK SEPARATE 
FROM A CODE BLOCK USED TO 
COMMUNICATE CONTROL 
INFORMATION DURING THE FIRST 
PERIOD OF TIME 



1116 



SELECT ONE OF A PLURALITY OF 
SUPPORTED MODULATION 
METHODS TO BE USED IN 
TRANSMITING AT LEAST SOME 
USER DATA DURING AT LEAST A 
PORTION OF SAID FIRST PERIOD 
OF TIME 



MAP CODE BLOCK BITS TO 
MODULATION SYMBOL 
VALUES 



DURING SAID FIRST 
MODE OF OPERATION 
RECEIVING AT LEAST 
ONE TRAFFIC 
CHANNEL UPLINK 
SEGMENT 
ASSIGNMENT SIGNAL 
FROM SAID FIRST 
BASE STATION 



DETERMINE WHICH 
TONES ARE TO BE 
USED AS SOME OF 
SAID MULTIPLE OFDM 
TONES DURING SAID 
FIRST PERIOD OF TIME 
FROM SAID AT LEAST 

ONE TRAFFIC 
CHANNEL SEGMENT 
ASSIGNMENT SIGNAL 



HOP DURING SAID FIRST 

PERIOD OF TIME THE 
MULTIPLE OFDM TONES 
USED TO 
SIMULTANEOUSLY 
TRANSMIT AT LEAST 
SOME USER DATA 
DURING THE FIRST 
PERIOD OF TIME AT A 
FIRST RATE 




DURING THE FIRST PERIOD OF TIME INCLUDING A PLURALITY 

OF CONSECUTIVE OFDM SYMBOL TRANSMISSION TIME 
PERIODS SIMULTANEOUSLY TRANSMIT AT LEAST SOME USER 
DATA IN A FIRST UPLINK SIGNAL TO A FIRST BASE STATION, 
THE FIRST SIGNAL HAVING A FIRST PEAK TO AVERAGE POWER 



DURING SAID FIRST PERIOD 
OF TIME RECEIVE USER DATA 1 
FROM SAID FIRST BASE 
STATION 



TRANSMIT 
ACKNOWLEDGEMENTS TO 
THE FIRST BASE STATION 
ACCORDING TO A FIRST 

PREDETERMINED 
ACKNOWLEDGEMENT 
SCHEME 



FIGURE 11A 



FIGURE 11B 



FIGURE 11A 



FIGURE 11 



WO 2006/138196 



PCT/US2006/022702 



13/13 



, CODE USER 1 
1 DATA AND I 
I CONTROL DATA | 
I INTO SEPARATE | 
| CODED BLOCKS . 
I TO BE 
TRANSMITTED 1 
DURING THE I 
I SECOND | 
I PERIOD OF TIME | 



MULTIPLEX USER 
DATA TO BE 
TRANSMITTED 
DURING THE 
SECOND PERIOD 
OF TIME WITH 
CONTROL DATA 
WHICH IS ALSO TO 
BE TRANSMITTED 

DURING SAID 
SECOND PERIOD 
OF TIME 




1134 



DURING THE SECOND PERIOD 
OF TIME RECEIVE USER DATA 
FROM THE SECOND BASE 
STATION WITHOUT 
ACKNOWLEDGEMENT RECEIPT 
OF SAID USER DATA 




REQUEST 
RETRANSMISSION Y 
OF USER DATA 



USE A SINGLE 
SUPPORTED 
MODULATION METHOD 
DURING THE SECOND 
PERIOD OF TIME 



DETERMINE SAID SINGLE TONE 
USED DURING SAID SECOND 
MODE OF OPERATION FROM A 
WIRELESS TERMINAL 
IDENTIFIER ASSIGNMENT 
WITHOUT THE USE OF A 
TRAFFIC CHANNEL UPLINK 
SEGMENT ASSIGNMENT SIGNAL 



MAP CODE BLOCK BITS TO 
MODULATION SYMBOL 
VALUES 



HOP DURING SAID SECOND PERIOD OF TIME THE 
SINGLE OFDM TONE USED TO TRANSMIT AT LEAST 
SOME USER DATA DURING THE SECOND PERIOD OF 
TIME AT THE FIRST RATE 



ASSOCIATE MODULATION SYMBOL VALUES |J. 144 
WITH HOPPED TONES 



DURING A SECOND PERIOD OF TIME INCLUDING A SECOND PLURALITY OF 

CONSECUTIVE OFDM SYMBOL TRANSMISSION TIME PERIODS 
SIMULTANEOUSLY TRANSMIT AT LEAST SOME USER DATA IN A SECOND 
UPLINK SIGNAL TO A SECOND BASE STATION, THE SECOND SIGNAL 
HAVING A SECOND PEAK TO AVERAGE POWER WHICH IS DIFFERENT 
THAN THE FIRST PEAK TO AVERAGE POWER 



FIGURE 11B 



INTERNATIONAL SEARCH REPORT 



International application No 

PCT/US2006/022702 



A. CLASSIFICATION OF SUBJECT MATTER 

INV. H04L27/26 H04B7/185 

According to International Patent Classificalion (IPC) orlo both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

H04L H04B H04Q 



Electronic data base consulted during the international search (name of data bE 

EPO-Internal , WPI Data, INSPEC 



searched other than minimum documentation to the extent that such documents are included in the fields searched 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* Citation of document, with indication, where appropriate, of the relevant passages 



US 2005/041619 Al (KARABINIS PETER D ET 
AL) 24 February 2005 (2005-02-24) 



abstract 

paragraphs [0012], [0013], [0016], 
[0017] 



29-31, 
33,37 
1-3,6, 
23,25, 
43,45 



□ 



Further documents are listed in the continuation of Box C. 



See patent family annex. 



Special categories of 



"E" earlier document but published on or after the 
filing dale 

■L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition 01 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; 
cannot be considered novel or c 
involve an inventive step when tl 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&" document member of the same patent family 



claimed invention 
ot be considered to 

taken alone 



Date of the actual completion of the international s« 

9 October 2006 



lailing address of the ISA! 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Ftijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70)340-3016 



16/10/2006 



Masche, Christian 



Form PCT/ISA/210 (second sheet) (April 2005) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 


International application No 

PCT/US2006/022702 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



US 2005041619 Al 24-02-2005 NONE 



